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CHAPTER I
History of the Decimal Fraction
oOo

CHAPTER I
THE HISTORY OF DECIMAL FRACTIONS
The miraculous powers of modern calculation
V are due to three inventions: arabic notation,
decimal fractions, and logarithims,-*-
It is the purpose of this study to investigate the uses of the
decimal fraction in the occupational world. First, however, a word
about how the decimal fraction came into being.
Like any invention, there is much dispute as to who is the origi-
nal inventor, but such uncertainty is not surprising, in that every in-
ventor is indebted to some that go before him for shreds of thought,
and tentative hypotheses that present to him a basis for thinking. It
is his task to capitalize on the inconclusive reasoning of others and
by the powers of generalization and induction to establish what others
have failed to see completely,^ Such was the case of Viete in the in-
vention of algebra, Descartes and Fermat in the invention of analytical
geometry, and also Simon Stevin in the invention of decimal fractions,
3
1 Cajorie, Florian, History of Mathematics . MacMillan Co., New York
City. 1929. page ikS
2 Bosmans, H. , La 'Thiende ' de Simon Stevin . M. Nijhoff, Lange Voor-
hout, 9, Reprint I92U Original - Tot Leyden by Christoffel Plantish,
M. D. LXXX7, page 6
3 ibid page 6

Many separate factors contributed to the need for decimal fractions,
one such factor being the state of absurdity to which fractions had arisen
largely through the efforts of commercial book publishers like Widman and
Wetzell. Their suggestion of fractions such as ^^^^79 and 2^2^7352095 ^
921521U 31979U77U016
were the climax in fractional idiosyncrasies.
Another factor leading to the development of the decimal fraction
was a rule given to students by a teacher named Regioraontanus for divid-
ing numbers by ten, multiples of ten, and powers of ten. 5 This rule lead
to the modern method of moving the decimal point when such a division is
undertaken.
As has been previously stated, Stevin is given credit for being the
first to publish a treatise^ based on the discussion of decimal fractions,
with rules for the addition, subtraction, multiplication and division of
them. The one weakness of the treatise was Stevin* s notation for the
decimal point^ which closely resembled the algebraist's notation for the
U Smith, David E.
,
History of Mathematics
.
G-inn and Co., Boston, Mass.,
1925, page 235, footnote 5
5 Cajorie, 1., History of Mathematics, page 233
6 That is, 1+70 -r 10 = U7 ; 567 - 100 = 5.67
7 Bosmans, La 'Thiende ' de Simon Stevin
8 To write the decimal fraction 27.81+7, Stevin wrote
(0) (1) (2) (3)
27 8^+7
The (0) standing for 1/10 raised to the zero power or just 1; the (l)
standing for 1/10 raised to the first power or 1/10; the (2) meaning
1/10 raised to the second power or 1/100; and the (3) meaning 1/10
raised to the third power or l/lOOO. Thus each the numbers in paren-
thesis being multiplied into the number directly below them thus 27 x
1 was 27; 8 x 1/10 was 8/10; U x 1/100 was hjlQO; and 7 x 1/1000 was
7/1000. Each of the above products was read decimally rather than
fractionally.

unknown^. The fact mxist not be overlooked that others prior to Stevin
(1595) » some conception of decimal fractions. A Turkish manuscript
whose author died in IU36 contained the decimal sah-hah 11+15926535892732^
which is the approximation for TT written correctly to I6 decimal places.
Adam Rise (1522) formulated a table of square roots in which decimal frac-
tions appeared, ^-^ but failed to use any notation for the decimal point.
It was Christoff Rudolph (1530) first approached the present nota-
tion for a decimal fraction when, in solving a problem in coraoound in-
terest, he used a bar in the ssmeway we use a decimal point today,^^ It
is c\irious to note that even today the notation for the decimal point
varies: a period in our country and other English speaking countries, a
comma in Germany, and on the Continent many instances can be found where
the decimal fraction is carried as a subscript to the whole number, ^3
After Stevin, came many others who were interested in the decimal
9 It happened that at that time, algebraists had not developed their
notation as we have it today. Thus an equation like
2x^ - 3^-15 wo-uld appear as
2(2) - 3(1) - 15
Notice that in place of the unlcnown (x) squared and the unknown (x)
there appeared in the parentheses numbers which corresponded to the
power to which the unknown was raised,
10 Snith, D. E. , History of Mathematics , page 2Uo
the word sah-hah meaning whole or integral. Thus the 3 the whole
number and the rest was the decimal
11 ibid page 236
12 ibid page 2Uo
13 Thus 2k,k^ would be written 2%^

-fraction. It was Burgi, Kepler, Beyer and the English followers of
Napier who put the finishing touches on the theory of decimal fractions.
Due to the great discovery of logarithms by Napier (l6lU)-^5 decimals were
used abundantly and Stevin's invention was greatly enlarged. Invented to
alleviate the cumhersomeness of proper fractions, decimals have become
nearly as cumbersome themselves.
It is curious to note that in Stevin's original manuscript he illus-
trated addition and subtraction with decimal fractions that did not exceed
thousandths, and that the inventor went so far as to doubt the ability of
people to handle problems in division where the divisor was a decimal
fraction. ^7 Today some textbook writers state examples in which students
eleven years of age manipulate millionths and divide ten thousandths into
hundred millionths.
lU Smith, D. E.
.
History of Mathematics, page 2k2
15 ibid page 2kk
16 For instance, the carrying of the approximation of TJ" to 303 decimal
places
17 Bosmans, La 'Thiende' de Simon Stevin
18 Knight, Studebaker, & Rach, Standard Service Arithmetics Grade Six,
Scott Poresman & Co., Chicago, I927, page 85
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Background Studies
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CH4PTER II
BACKGROUND STUDIES
In 1893 Committee of Ten and in 1895 ti^e Committee of Fifteen
reporting to the National Education Association, voiced some doubt as
to the wisdom of arithmetic according to past procedure. The Committee
of Fifteen went so far as to suggest that arithmetic probably had been
overemphasized in the grammar schools, and that six years was sufficient
time for its study,^ In the same year, Dewey and McLellan published their
book, entitled Psychology of Number,^ which was one of the recent
attempts^ to rationalize arithmetic. Brookes Philosophy of Arithmetic
proceeded it by several years (I876).
In 1902, Rice published a series of articles in the Forum under the
heading of Educational Research,^ Among these were two devoted to the
subject of arithmetic which discussed the results of an arithmetic test
administered to students in grades four to eight. Six thousand children
1 Buswell, G. T., & Judd, C. H, , Summsiry of Educational Investigations
Relating to Arithmetic
,
Monograph #27, University of Chicago Press,
1927, page 3
2 Dewey, John, & McLellan, J. R.
,
Psychology of Number
, D. Appleton &
Co. , New York, 1895
3 See also, Brooks, Edward, Philosophy of Arithmetic . Sower Potts & Co.,
Philadelphia, I876
h The most startling article being, "The Futility of the Spelling Grind",
Forum 3^1:281-297

-6-
in eighteen school buildings in seven cities showed a wide variation in
arithmetical achievement — schools in the same system varying greatly
for no evident reason,
^
In 190M-, McMurray in an address before the national Department of
Superintendence suggested that certain things be dropped from the cur-
riculum.^
With these educators showing the way for a genuine doubting of pre-
sent subject matter and methods of teaching, the scientific method had
been introduced to the field of education. 7 In tirae, studieswere under-
taken to ascertain proper methods and subject matter in the arithmetic
curriculum. These researches were in four distinct directions:
(1) Epistemological — the scientific evaluation of present
and new methods of teaching with the accepted course of
study as a base.
(2) Societal — the discovery of what arithmetic was actually
in use by socisty in general.
(3) Psychological — the analysis of easy and difficult opera-
tions in arithmetic, and the rearranging of all arithmetic
according to the difficulty of its mastery.
(U) Statistical — the measurement of results in arithmetic
teaching and the setting up of adeouate remedial practises.
All four branches have been capably expkred and many books, arti-
5 Rice, M. M. , "A Test in Arithmetic" , Forum 3U: 281-97, page 2SU
6 McMurray, P. M. , "lihat Omissions are Desirable in the Present Course
of Study?", Yearbook of the National Dept. of Superintendence, Nation-
al Education Association, Washington, ISOH, page I9U
7 Buswell and Judd, op. cit., page 6
8 ibid page 6

-7-
cles, monographs, reports, and dissertations have been published.-' As
this dissertation can be classified under heading (2), only those sur-
veys and educational contributions conducted from a utilitarian point
of view will be considered in the remaining pages of this section.
Following along closely with McMorray's statement that certain sub-
ject matter might well be eliminated from the curriculum, and the re-
sults of an investigation by Stone (I9O8) which showed that awide varia^
tion in arithmetic ability could be overcome by better drill procedure,^'
Wilson and his Connersville teachers in I9II proposed a course of study
in arithmetic-'-^ which eliminated many useless processes.
In I31U the Minnesota Education Association published a bulletin in
which an elimination plan for certain processes in arithmetic was pro-
posed, and in the two ensuing years, the Iowa State Teachers Associa-
tion proposed a similar plan.^'^ About this time, Bobbitt wrote a little
book entitled, Waat the Schools Teach and Might Teachl5 in which the au-
thor maintained:
9 For direction (l) see Appendix A; for direction (3) see Appendix B;
for direction (U) see Appendix C
10 Stone, C. W. , Arithmetic Abilities and Some of the Factors Determin-
ing Them
.
Contributions to Education, #19, Teachers College, Columbia
University, 190S
11 Wilson, Guy M. , A Course of Study in Elementary Mathematics , Warwi ck
and York, Baltimore, I9I8
1? This course of study labelled as "useful" those processes which local
business men reported themselves as using on a questionnaire sent them.
13 Minnesota Elimination Plan . Minnesota Education Association, Bulletin,
I9IU
Ik Iowa Elimination Plan , Iowa State Teachers Assoc. .Bulletin, 1915» 19l6
15 Bobbitt, F. , What the Schools Teach and Might Teach . Wm, F. Fell Co.,
Philadelphia, 1915

-g-
The content of mathematics courses is to be determined
"by human needs ... our chief need is not so much the
aMlity to do calculations as it is the ability to think
figures and the habit of thinking in figures.
Coffman and Jessup in 1916"^^ secured from city and county superin-
tendents opinions on the elimination of useless processes in arithmetic.
Thus we note the gradual increase in the number of students who were be-
coming conscious of the fact that there were useless processes in the
subject of arithmetic.
In 1917. Sara Chase completed her study entitled. Waste in Arithme-
tic which was an attempt to point out the futility of the problems found
' in arithmetic texts of the day, and she concluded: ^7
If we really do not believe in the transfer of train-
ing, we are not going to ask children to solve those
problems whose conditions are not true to life; for if
we give them such problems containing unfamiliar situa-
tions or words we are going to prevent the very thing
for which we are working — namely, clear habits of
thinking by which to increase their power to make intel-
ligent use of numbers.
Part I of the 17th Yearbook of the National Society for the Study
of Education (I9IS) carried a story by Mitchell, Some Social Demands on
the Cour se of Study in Arithmetic , which indicated the arithmetic necce-
sary in using a cook book, understanding the payroll sheet of a factory,
availing one*s self of marked-down sale advertisements, and reading a
16 Wilson, Guy M. , What Arithmetic Shall We Teach?, Houghton Mifflin
Co.", Boston, 1926
17 Chase, SaraE,, "Waste in Arithmetic" , Teachers College Record,
4:350-371, September, 1917

hardware catalog.
The following year, Wilson concluded his doctorate dissertation,
A Survey of the Social and Business Usage of Arithmetic * Enploying
a new research technique, "pupil-school- survey method", he gathered
together 14,583 protlems which U,o68 people representing I55 different
occupations reported they had encountered in their daily walk of life.
The final tabulation of data showed that 82% of all arithmetical pro-
cesses used in the solving of the prohleras were the four fxmdaraental
operations and their combinations, and that only seven problems in-
volved any decimal usage (with the exception of dollars and cents).
Four of these seven were encountered when buying gasoline quoted to the
tenth of a cent, and one of the remaining three involving a calculation
of the distance traveled by a drill press per revolution. The other two
?1
were puzzle queries.
It was probably the radicalness of Wilson's findings that motivated
other students to conduct similar studies. Wise^^ using the same pupil-
18 Mitchell, E. H. , "Some Social Demands on the Course of Study in Arith-
metic", National Society for the Study of Education, 17th Yearbook,
Public School Publishing Co., Bloomington, 111., 1912, page 7-I7
19 Wilson, Guy M. , A Survey of the Social and Business Usage of Ari thme-
tic_. Contributions to Education, #100, Teachers College, Columbia
University, I919
?.0 The problems referred to were collected on the pupil-school-survey
in which students were the data collectors. Two weeks was the time
over which each student reported on the uses of arithmetic by his
parents.
21 Wilson, G-, M. , Survey of the Social and Business Usa-3:e of Arithmetic ,
op. cit., page 35
22 Wise, C. T. , "A Survey of Arithmetic Arising in Various Occupations",
Elem. Sch. Journal 20:page 118, October I919
t
school survey method reported returns from 633 people in cities and
towns of Wisconsin, Illinois, Iowa, Texas, Nevada, Missouri, and Cali-
fornia. They contributed 7»3^5 problems which upon analysis were in
marked agreement with those Wilson collected. (55^ rather than Z2fo
being composed of the four fundamental processes with practically no
, use of decimals whatsoever — except United States money)
Noon^3 inquired into the child's use of arithmetic by studying
fourth, fifth and sixth grade children in Boston, Massachusetts, He
concluded that out of school , children read and counted numbers con-
stantly, but few problems were undertaken at this age level. The fi-
guring that appeared was usually in checking on the amount of change
received at the store.
Thus the year, 1913 t brought forth the first authoratative surveys
on the usage of arithmetic by adults and children,
ok
In 19?0, Woody*^^ conducted a survey of the arithmetic used in
three leading department stores in Seattle, Washington, The study
analyzed 66l bills of sale, 9^5 of 7;hich showed no figuring^iiat soever.
Of the remainder Woody concludes: ^5
1. The amount of arithmetic actually used was very
small
2, Addition and multiplication were used more than
subtraction and division
23 Noon, P. G. , "Child's Use of Numbers", Journal of Educational Psy-
chology 10:Ub?-67, November I919
2U Woody, C.
,
"TjHDes of Arithmetic Needed in Certain Types of Sales-
manship", Elem. Sch. Journal 22:505-20, March 1922
25 ibid page 5I8

11-
3. Multiplication of mixed ntun"bers was fairly-
prominent
U. Mental arithmetic played a great part in the
use of measuring and in computational machines
5. Decimals and percent occurred in connection
with United States money
6. Discounts were computed hy tables
7. lilMch arithmetic in the schools is not essential
Charters^'^ also became interested in department store arithmetic
and studying 7»337 sales checks made out be several thousand store
clerks, he concluded:
1. The subtraction done by store clerks is usually
addi ti on
2. Addition for the most part is confined to four
figure addends or less
3. Sit of the fractions were halves or fourths
U, Decimal fractions occurred to a very limited
extent because of the "rule of thumb" me thod27
for discounts of 10^, 13fo and 20%
The first book to reflect the results of these studies appeared in
1921 authored by Thorndike.^^ Altho-ugh constantly drawing attention to
the need for life-like situations in the field of arithmetic, this noted
educator and psychologist devoted 22^ of the book to an analysis of how
to make the useless processes*^^ more life-like.
26 Charters, W. W, , Curriculum Cons truction . Macmillan Company, New York,
1923, page 231
27 ibid, page 236. This rule of thumb method being: To get lOfo of
$11.73» for instance, put your thumb over the 3 a-^cL the part appearing
(117) is the desired 10^ ($1.17). To get 20^ of any amount, find 10^
of it and double your result. To get 15^ find 10^, halve it and add
it to the 10^!^.
2g Thorndike, E. L. , The New Methods in Ai'ithmetic . Hand McNally & Co.,
Chicago, 1926
29 The word useless referring to those processes not found in the sur-
veys by Wilson, Wise, Woody and Charters. Some useless processes
being: square root, bank discount, partial payments, metric system,
compoxind interest, troy weight, etc.

-12-
Attempting to approach, the problem of what arithmetic is used from
a slightly different angle, Williaras^^ in the spme year released a study
on the arithmetic needed in a freshman chemistry course. Taking as his
"basis a textbook in that field, his study noted 1?J+ uses of arithmetic.
1,01^ decimals occurred, 97^ of which were three place^^ decimals or less;
some ranged upward to eight places. 3^ The author concluded that decimal
fractions were a necessity to college freshmen and urged that high school
teachers review them in the senior courses of study.
Wilson, not content with the results of his premier study, condact-
ed in Marshalltown, lowa^^ with the help of a Committee of experienced
school supervisors and superintendents another pupil-school-survey. The
results of the Committee's findings were in agreement with the original
study. The Committee recommended that community arithmetic be the basis
for the general arithmetic program in the elementary school.
Moore, using quite a different approach to the same problem, under-
took three separate studies — using the questionnaire method. Firstly,
he contacted 199 business men requesting of them a list of the arithmeti-
cal processes that they wished their prospective employees to understand;
30 Williams, L. W. , "The Mathematics Needed in iVeshman Chemistry",
School Science and Mathematics 21:65^65, October 1921
31 For example, O.OI5
32 For example, 0.00000012
33 Wilson, GuyM., What Arithmetic Shall We Teach?, op. cit. page 59
3^ Third Yearbook, Department of Superintendence, National Education
Association, Washington, D. C,
,
I926, page 55

secondly, he inquired of 31^ parents as to the arithmetic they wished
their children to know; and thirdly, he asked 50 Los Angeles business
men to list those arithmetical processes which, to their way of thinking,
had been sadly neglected in the schooling of their employees. The list
of processes that parents and employers wanted the younger generation to
master included every phase of arithmetic found in the traditional text .^5
Moore noted however that actual usage supported the simplified arithmetic
program, and that all of his objective data repudiated the opinionary
statements of parents and employers.
Charters in this year published his book Curriculum Construction^^
in which the newer ideas in the field of education were reviewed. The
chapter on arithmetic discussed the result of seven previously reviewed
studies^^ and also mentioned a study by Galloway-^^ on the arithmetical
needs of college freshmen in a clothing course. Using William's technique
of39 textbook analysis she noted that a few decimal fractions occurred,
and that denominate numbers or measures were frequently mentioned.
The year 192U added six more studies in arithmetic usage. The first
being by Smith^ who undertook to discover the out of school use of arith-
35 This list included complex fractions, compound interest, percentage,
division of decimals, partial payments, etc.
36 Charters, W. W. , op cit.
37 These were Wilson ( Connersville) , Coffman & Jessup, Monroe, Wilson
(dissertation), Charters, Mitchell, gind Williams.
3S Third Yearbook, N. E. A. Supts.
,
op cit, page 59
39 See page 12
UO Smith, N. £. , "The Uses of Arithmetic in the Out of School Life of
First Grade Children", Elem. Sch. Journal 2^:621-623, April 192^+

metic of some primary grade chilaren in Detroit, Michigan. She concluded
that going to the store with Mother was the most common number ejjperience.
Hansen^^ substantiated the studies of Charters and Woody on department
Up
store arithmetic, and concluded: ^'^
the arithmetic needed by any individual for computing
is obviously limited, and actual computational practice
is being further curtailed by the rapid introduction of
calculating machines,
Ada Samuels, in her book ^ About Face in Education maintained
that: ^3
The only reason for such training (arithmetic training)
is to enable the student to meet the number requirements
of his daily life—measfuring, raeJcing change, and denoting
quantities.
She concluded her statement on arithmetic by declaring that all the
arithmetic a child needs can be taught him in one year (assuming the
child to be nonnal) at an advanced grade.
The fourth study of the year was another pupil-school- survey con-
ducted in Boston, Massachusetts by L. M. Patten of the Edward Everett
School District. Seven hundred and seventy-five families from 155 oc-
cupations listed the problems encountered in everyday life.*^^ Again,
most of the problems demanded a knowledge of the four fundamental pro-
cesses only.
The remaining two studies came as a result of this challenging state-
Ul Third Yearbook, N. E. A. Supts., page 56
1+2 ibid, page 56
Samuels, A. A., An About Face in Education . Harr Wagner Publishing
Co. , San Francisco, I92U
UM- Wilson, &. M. , What Arithmetic Shall We Teach , op. cit.,page 60
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ment made ty Bobbitt:^5
The arithmetic of practical situations is much more than
the solutions of problems. One may use it (any arithme-
tical term or process) abundantly for the purpose and not
solve any problem with it,
Bobbitt suggested that only through analyzing what people read could
the complete picture of arithmetic usage be painted. Thus under his
inspiration, Adams ° undertook to tabulate the occurrence of arithme-
tical terms in twenty non-technical magazines and newspapers.
The study revealed decimals as small as .000012 with a great pre-
dominance of three place decimals (found in the sporting page of the
newspaper). From the results, Adams concluded:
The large number of decimal s^5 found in this relatively
small sample and their wide range indicate the desirabi-
lity of complete familiarity with the entire decimal sys-
tem as a tool of quantitative thought.
The sixth study of the year was identical in nature with that of
Adams except that it was conducted in Boston, Massachusetts by twelve
summer school students enrolled at Boston University. 5^ Eleven metro-
politan newspapers from Boston to San Francisco were scanned for any
mention of a mathematical term. 2,721 decimal s^^ were discovered —
1+5 Bobbitt, F. , "The Technique of Curriculum Making in Arithmetic",
Elera. Sch. Journal 25:127-1^3, Oct. 12h, page 132
hS ibid, page 30
hi These included: Chicago Herald & Examiner , St. Louis Post-Dispatch,
Lebanon Rustic, Pathfinder, Cosmopolitan, Woman's Home Comiaanion,
National Gteographic Magazine, and Literary Digest.
Bobbitt, F., op. cit., page 137
1+9 The study listed ^85 decimals
50 Wilson, G. M. , Stone, M. B, , Dalrymple, C. 0., Teaching the New
Arithmetic . Mc-Oraw Hill Book Co., New Tork, 1939, page 21
51 Compare this with Adams "large number" (HS5)
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S2}t of which were thousandths or less. The conclusions drawn from these
data differed greatly from those of Adams^^ in that the twelve summer
school students reasoned that the appearance of decimals in a newspaper
called for reading knowledge only. The students also concluded that their
data supported the simplified program in every way, 53
In the spring of 1935 some Melrose teachers, wishing to answer for
themselves this matter of what arithmetic is actually used in life, con-
ducted a pupil- school-survey. Their results convinced them of the fact
that the processes listed as "beyond common usage by Wilson, Wise, Woody
and others were also little used in the vicinity of their city. 5^
The fall of this year witnessed another pupil-school-survey con-
ducted "by a group of Boston University students, 55 who enlisted the
support of ten Greater Boston schools and collected 5»l63 problems from
people engaged in 62 occupations. The results obtained differed slightly
from those previously reported as 3^ of problems were highly voca-
tional in nature. Eighty-one percent of the problems called for a know-
ledge of the four fundamental processes, and 2'^ dealt with decimals. Of
the decimals encountered, '^Sfs were thousandths or less, and kfo were ten-
thousandths. 5^
52 Adams reflected the thoughts of Bobbitt.
53 This term, simplified -program , refers to that program which eliminates
from the drill load those processes which are not used in every day
life. Note Marshalltown study on page /JL
5^ Wilson, G. M. , What Arithmetic Shall We Teach, op. cit., page 63
55 ihid, page 65-71
56 ibid, page 70

This same year found another study dealing with ne^rspapers and
magazines. Schorling, much upset by Adams's study which found no ap-
parent need for an understanding of mathematical terms arising from a
study of algehra, geometry, and trigonometry, set out to show that such
mathematical terms did occur in reading and that an understanding of
them was most necessary. To accomplish his task, three studies were
undertaken: 5^
1. The units of measure referred to in ten metro-
politan newspapers (192?) were tabulated and the
results showed that the foot, mile, acre, barrel,
inch and yard gave Zk'^ coverage.
2. Fractions other than those with denominators 2,
3,4, 5, 6, 8, 10, 12, and l6 were sought in fif-
teen metropolitan newspapers and 66 were dis-
covered,
3. Popular Science and Popular Mechanics (1921) were
scanned for higher mathematical terms. Two hundred
and eleven such terms were listed - 7^+ occurred
once, twice, and I7 three times.
Hot content with the lack of proof59 for his statement, he enjoined col-
lege professors to tell him what mathematical terms they wished their
children to understand. Needless to say, this list far exceeded the
60
one compiled by Moore. Thus he concluded from his data and opinionary
statements that higher mathematics were of vital importance to the ave-
57 Schorling, R. , Objectives in Teaching Junior High School Mathematics .
George Wahr, ilnn Arbor, 19 25
5S ibid, page 137
59 Note that in the first study, Schorling only discovered l6^ of the
measures that were other than useful; that in the second study he
proved conclusively the uncommoness of fractions other than the ones
he disregarded; that the third study showed even highly technical
magazines made little demand on higher mathematical terms — 62;^ of
those listed by the author being used three times or less,
60 See page I3
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rage man.
Eight years of research on useful arithmetic was accounted for in
the Third Yearbook of the Department of Superintendence of the National
Education Association. The Committee summarized the eighteen out-
standing studies in arithmetic usage to that date, and posed certain
criteria for curriculum "building in arithmetic. To suggest that cur-
riculum building was in order, McMurray in the Teachers College Record
stated that arithmetic was in as bad a way in I926 as reading was in
1906,^^ and advised: ^5
The combinations of formal processes can be in-
variably first presented as a means of solution
of practical problems and distributed throughout
the years according to the abilities of the chil-
dren.
Wilson, in the same year, offered suggestions as to curriculum
building in his book, What Arithmetic Shall We Teach? . revealed what
arithmetic was actually used by people, and argued that it would be
proper to drill on useful processes before asking the students to mas-
ter useless processes.
In marked disagreement with the other studies in 19?b, Harap^5 and
61 Third Yearbook, N. E. A. Supts., op. cit., page 107
6? McMurray, F. , "The Question that Arithmetic is Facing and Its Answer",
Teachers College Record 13:873ff, June I926, page 875
63 ibid, page 879
6U Wilson, G. K. , What Arithmetic Shall We Teach , op. cit.
65 Harap, Henry, "Mathematics for the Consumer", Educational Review
74:162-167, October 1927
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66Upton proceeding from their own knowledge of the arithmetic people
used, reasoned that such should not "be the case at all. Harap, reasoned
that the very fact that people did not use more arithmetic was because
in school they had not developed an aHLity to do so.°7 "Therefore," he
concluded, "I would urge mathematics teachers to make a more rigorous
study of the actual needs of people to determine what improvement can
be made in their lives from this subject."
Upton, after a careful summary of what arithmetic had been found
to be useful by the studies of V/ilson, Wise, Woody, et al., proceeds to
point out how the arithmetic curriculum should be individualized. ^5 g^g
suggestion was to allow the slower pupils to acconrplish only that which
is useful , but allow the brighter students to continue their study of
traditional arithmetic. He concluded by maintaining that not only
should we teach tiie useful arithmetic, but also the arithmetic needed
to give the child the proper interpretation of arithmetical expressions,^
and an economic appreciation which is of "so great significance in the
present and later lives of the pupils". ^2
The only field study in arithmetic usage for this year came when
Washburne^^ gave some standardized tests in aritlimetic to 331 adults
66 Upton, C. B.
,
"Changing the Curriculum in Arithmetic", Teachers Col-
lege Secord 2S:3Ul-59, December 1926
67 Harap, H. , op. cit., page I65
68 ibid, page I67
69 Upton, C. B. , op. cit., page 3US-352
70 ibid, page 352
71 Such as the meaning of decimal expressions, volumes, etc.
72 ibid, page 358
73 Washburne, C. W. , "Social Practices in Arithmetic Pandamental s"
,
Elem. Sch. Journal 27:60-66
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claiming membersip in eight adult cluts. His results revealed that tea-
chers had heen expecting far greater accuracy and speed from eighth grade
pupils than the parents themselves possessed. Thus he excused arithmeti-
cal sluggishness and inaccuracy of students on the grounds that their
parents could do no "better.
The four years that followed (I927 - 1930 inclusive) added nothing
new to the story of useful arithmetic. However, Harap75 and Bowden^^
confirmed previous results by studying the consumer's use of arithmetic.
In 1931 » S&lsJ^ undertook a survey which was in marked contrast to the
pupil-school-surveys in that he was interested in a particular phase of
arithmetic rather than arithmetic as a whole. Taking the special sub—
Ject of denominate numbers, Sala visited various industrial plants in
New Britain, Connecticut with the expressed purpose of discovering to
what extent measures were used by the employees of these factories. He
listed 677 out of 2,77^ as working with measures, and noted that the ad-
dition, subtraction, nniltiplication, division, and reduction of denomi-
nate ntunbers were not employed in practical life.
7^ It should be noted that in 1930, Victor Traniello completed a Mas-
ter's Thesis on the Use of Measures in Porta fiico, but as the data
was not tabulated in a manner comparable with later studies, no
detailed mention is made of it.
75 Harap, H. , op. cit.
76 Bowden, A. 0. , Consumers Use of Arithmetic . Contributions to Educa-
tion, #3Uo, Teachers College, Columbia University, 1929
77 Sala, Vincient, Denominate Nu'^nbe rs Used in Pour Factories of New
Britain
.
Connecticut . Master's Thesis, Boston University, 1931
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Louth'"' at the sajie time conducted a similar study in certain in-
dustries in Providence, Hhode Island ajid her results agreed with those
of Sala.
Other students interested in deliaiting the problem of useful
arithmetic hy choosing a particular part of arithmetic and objectively
studying it undertook similar surveys in fractions, decimals, and
measures, 79
Dalrymple in investigating the occurrence of fractions in industry
(1932) discovered that fractions whose denominators were 2, 3f ^» 2, and
12 made up 87^ of tiie fractions studied, and that many fractions com-
monly referred to in text hooks of arithmetic rarely occurred in every-
day life. Already a marked resemblance was discernible between the re-
sults of these new delimited surveys and those of I919-I926.
In 1933* three more delimited surveys were undertaken. Brown
studied the commercial arithmetic used by graduates of comiercial
courses in high school, and taking as a basis for her study the pre-
sent occupations of graduates from her high school, she reasoned;
drill in the fundamentals for speed and atccuracy is
necessary ... the present course of study if ful-
filling the need ... familiarity with calculating
machines is essential.
7S Louth, Mary deS. , Units of keas-areaent in Industry , kaster's thesis,
Boston University, 1931
79 This dissertation might well be classified as a delimited survey.
80 Dalrymple, C. 0», Frequency of Occurrence of Fractions in Industry .
Master's thesis, Boston University, 1932
81 Brown, T. F. , Objective Community Check Throua:h Tnat Jormer Pujils
are Deing on T?hat Commercial Arithmetic to Teach , aiaster's thesis,
Boston University, 1933
82 ibid, page Uo

Dalrymple (M.S.) studied the extent to which decimals were used in
industry, and the results of her two-plant survey showed 80^ of the
employees having no occupational need for decimals, and those that did
figure and read decimals might well have learned the process in trade
school or in the factory.
°
Schulz,^5 in the same year, carefully analyzed school texts for
their discussion of denominate nxunliers so that a comparison could he
made between school and "business practices. His results showed that the
student was forced to carry out calculations in compound numbers never
required in actual life.
Daliyraple (CO.), not content with the results of his premier stu-
dy on fractions, extended his survey during 1933-3^ to include 102,000
fractions.^ Although these new data were in marked agreement with his
original findings, he had now more conclusively answered the question of
what fractions were actually used in business and life.^^
Shea, the same year, analyzed fractions occurring in seven arith-
metic text books so that a comparison could be made between school
83 Dalrymple, M. E. , Use of Decimals in Industry , idaster's thesis, Bos-
ton University, 1333
Sk ibid, page 11
85 Schulz, H. A. , Analysis of Denominate I?\imbers in Two Series of Arith -
metic Textbooks
.
Master's Thesis, Boston University, 1933
86 Dalrymple, C. 0., Frepuency of Occurrence of Fractions in Business
and Life
,
Doctor's Dissertation, Boston University, 193^
87 This dissertation hopes to do likewise in the field of decimals
88 Shea, J. B. , Fre quency of Occurrence of Fractions in Seven Series
of Textbooks in Arithmetic. Master's thesis, Boston University,
I93U •
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and business practices in this special part of the field of arithmetic.
In 1935» Buckley^5 extended the decimal study of Dalrymple (M.E.)
to iftclude other businesses. His results were in a^^reeraent with the
previous investigation and showed Jl^ of the employees (compared with
SOfo formerly reported) in seven industries having no occupational need
for deci.Tial knowledge.
Wilson (D.W.), carrying the study of measures to a more complete
conclusion, posed the question of What Measure s jPo People Know ajid Why.^^
Taking as subjects 1,097 students of junior-senior high school age and
310 adults living in different parts of the country, she tested their
knowledge and use of measures in general. She concluded:
Adults do not go about using measures promiscuously;
they use them only as the need arises. They buy and
sell in units; they occasionally measure something or
estimate in units.
In regard to the school's role in the teaching of measures, she con-
cluded:
Beyond the development of experience and the building
of clear concepts for practical use, there is apparent-
ly nothing to do. The committing of tables is \inprofit-
able. Addition, subtraction, multiplication, and di-
vision of compound n\imbers should be ommitted from course
requirements and from all tests.
A further extension to the story of decimal usage was made in 1937
S9 Buckley, J. E. , The Uses of Decimals in Busioe ss . Master's thesis,
Boston University, 1935
90 Wilson, D. W. , What Measure
s
Do People Know and Why
.
Master's thesis,
Boston University, 193^
91 Wilson, D. W. , op. cit., page 181

by Lind"berg^^ who surveyed still more industries. Her results showed
66^ (compared with "Jl^ and BO'^ on previous studies) of the people
having no occupational need for decimals.
Thus we see still further corrohoration of the pioneer studies of
Wilson, Wise, Woody, Charters, et al. The story of fractions has been
sufficiently described by Dalrymple (CO.). Denominate numbers and
decimals still lack conclusive and universal proof. It is the purpose
of this dissertation to discuss in detail the use of decimals in the
occupational world, using the personal-industrial- survey method^^ for
data gathering.
92 Lindberg, 0. M. , A Study of the Present Use of Decimals in Manufac-
turing
,
Master's thesis, Boston University, 1937
93 The personal-industrial-survey method is a term applied tc gather-
ing data first hand by means of the personal interview and direct
observation. Such a method is far superior to the questionnaire
method where data may be inaccurately submitted or carelessly given.
Errors due to connotation of words, willingness to cooperate, etc.
are eliminated in using the personal-industrial-survey method.

CHAPTER III
The Problem
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CHAPTER III
THE PROBLEM
An examination of courses of study in arithmetic indicates that it
is a common practice to have pupils spend the better part of a year,
usually the fifth or sixth year, on decimal fractions.^ Reports indicate
pthat the level of mastery is low. It is appropriate, therefore, to in-
quire as to the extent to which decimals are needed in life. The pre-
sent study attempts to discover the demands industry will make on these
pupils, fut\xre employees, for skill in reading or figuring decimals.
The aim of this study is to discover and classify decimal usage in
industry so that the curriculum maker and the tee-cher may be cognizant
of the extent to which decimals and their related processes are used in
the occupational world.
Distinction will he made "between persons who figure in decimals and
those who need a reading knowledge only. The data will be analyzed to
1 See Courses of Study in Arithmetic published by School Departments of
Worcester, Boston, Springfield, and Providence
2 Myers, &. C.
,
"Beginning Decimals, A Simple V/ay to Clarify a Difficult
Subject", Grade Teacher
, LI:36, March, lSJ,h
Distad, H. W,
,
"Analysis of the Drill Provision in Division of Deci-
mals in Ten Arithmetic Series", Journal of Educational Research
,
XXVII: 509-23, March, 193I+
Arnold, H. J., "Arithmetic Disabilities", Elementary School Journal ,
XXX71 1: 259-69, December, I93O

-26-
show the relationship "between decimal usa^e and certain types of work.
Counting or calculation of United States money will not "be considered
decimal usage in this survey. The questions which are naturally in mind
as this stu^ begins are:
1. What percentage of persons engaged in a particular occupation
are called upon to figure or read decimals while at work?
(Calculations and use of United States money excepted)
2. Under what conditions during their daily work are such persons
figuring or reading decimals?
3. TIfhat are the decimals commonly used?
U, Wha-t types of industries or specific occupations make the
greatest demand for workmen capahle of figuring in decimals?
5. Conversely, what types of industries or specific occupations
make no demand whatsoever on their workmen for skill in reading
or figuring decimals?

CHAPTER IV
The Procedure
---oOo-
—

CHkPTEE 17
THE PEDCEIUEE
The data herein described was gathered from eighty-nine industries
representative of twenty of the twenty-three occupational classifications
as established by the Fifteenth Report of the United States Bureau of
Census.^ Over 68,000 persons are listed as being s-arveyed by the per-
sonal-industrial-survey technique.^ These data are presented in Chap-
ters Five and Six to follow.
Chapter Five presents a tabular and graphical picture of the extent
to which decimals were found to be used in the eighty-nine surveyed in-
dustries. The employees of each industry were classified as to whether
they figured in decimals, needed only a reading knowledge of decimals,
or whether they had no occupational use for decimals. (Calculations in
terras of United States money were not classified as decimal operations
in this survey.) Chapter Five is divided into twenty sections repre-
senting the twenty occupational classifications.
1 United States Dept. of Commerce, Fifteenth Census of the United States,
Volume V, general Eeijort on Occupations . United States Printing Office,
TTashington, D. C.
, 1533. page hoS-MOS
2 As developed by Louth, Sala, Buckley, Lindberg, U. E. Dalrymple. and
C. 0. Dalrymple. See Chapter II, references 78, 77, 89, 92, 83, 86
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The industries falling into a particular classification are listed
within that section (i.e. all clothing concerns surveyed are in the
section headed, Clothing) and summary tables and graphs for each sec-
tion are presented at the beginning of the section.
Chapter Six discusses the types of decimal usage encountered
throughout the survey. These usages are arranged alphabetically and
their frequency of occurrence together with their relationship to cer-
tain occupations and trades is noted.
Basis for Selection of Industries to be Included
This basis is twofold:
a. Universal coverage so that as many of the twenty
three census classifications as possible are re-
presented.
b. Bandom selection of industries within a classifi-
cation in so far as geographical limits would
allow.
Universal Coverage
The Fifteenth Census of the United States in Vol-ume
General Report on Occupations, lists twenty-three general occu-
pational classifications. These twenty-three divisions served
as a guide in the selection of industries and organizations to
"be surveyed. Twenty of the twenty-three general classifications
are ret)resented in the data of Chapter Five. The three not in-
cluded are Tobacco and Cigar, Professional, and Non-Specialized.
The remaining twenty are listed below as they appear in Ciiapter
Five together with the page on which each section begins:
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Cheraical and Allied Industries..
Food and Allied Products
Textiles
Clothing
Fishing and Forestry
Machinery and Vehicle
Metal Industries
Lumber and Furniture
Paper Industries
Leather Industries
Miscellaneous Man\xfacturing
Clay, Glass, and Stone
Transportation and Communication
Trade
Fnolesale - Retail
Public Service
Domestic and Personal ,
Extraction of Minerals
Building Trades
Agriculture,
3U
^5
55
63
66
69
91
98
107
110
129
13^
1U3
151
15H
157
160
16U
171
Random Selection
The application of random selection infers the lack of
bias on the part of the selectee. No statistical proof can be
given to show the randomness of the industries finally selected
in this survey. It is to be noted, however, that no industry was
included or excluded on the basis of the data gathered or to be
gathered. Geographical limitations together with a need for
universal coverage were the only restraining factors in the se-
lection of industries.
Gathering the Data
The data for this survey were gathered by means of the personal-
Industrial-survey method.^ This method takes the following pattern:
3 See footnote 2, page 27
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1. The industry selected for survey by the personal-industrial-
survey method is forwarded a written request for permission
to visit the plant,
2. The investigator, upon receiving the requested permission,
visits the plant and erolains to the designated official
the purpose of the proposed survey,
3» The investigator makes a tour of the plant under the direc-
tion of the official or an appointed gaide.
4. The number of persons employed in each room or department
of the industry is noted together with the number of em-
ployees figuring or reading decimals while at work.
5« The use to which these decimal operations are placed is
explained by the guide and noted by the investigator,
6. After the tour is completed, the investigator returns to
the plant official, places before him the data gathered,
and raises any question concerning decimal usage deemed
necessary for the completion of the survey.
This personal-industrial-survey method differs from the usual
questionnaire method in tha-t it requires the investigator to:
1, Visit all industries listed for survey.
?. Esplain tc plant officials the educational value of such
a survey,
3. Record all data gathered.
k. Raise pertinent questions as survey progresses, the answers
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to which threw further light on the nature of data gathered.
The personal-industrial-survey method has further advantages:
1. It assures fullest cooperation of those persons who make the
data available,
2. It eliminates misunderstanding of either the question or the
answer,
3. It keeps the personal factor constant in that the investiga-
tor records data in the same way for each industry,
4. It allows the investigator to ask questions as data are
gathered, thus assuring a more accurate and complete ac-
counting.
Tabulating the Data
The data gathered in each industry is tabulated in Chapter Five
as follows:
Table— Showing the Personnel and Amount
of Decimal Knowledge Needed at
the ********** Company
Division
of
Personnel
1. Department
2. Department
3. Department
U. Department
5.
Totals
2
Totals
***
***
***
***
***
***
Percentages
of Totals 100$^
3
Number
Figuring
Decimals
zz
U
Number
Reading
Decimals
yy
5
Number
Not Using
Decimals
zz
6
Key to
Decimal
must.
aa
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This table is read as follows: Col-omn (l) gives the name of the
department; column (?) lists the total employed in that department on
the day of the survey; column (3) states the number out of the total in
column (?) who were figuring in decimals at their work (calculations in
United States money excepted); column (U) gives the number in the de-
partment who must possess a reading knowledge of decimals; column (5)
lists the remaining number in the department who have no occupy ional
need for decimals. Columns (2), (3), (^), and (5) are totalled verti-
cally and their corresponding percentages computed so that the percent-
age of workers in the industry who are called upon to figure in decimals,
possess a reading knowledge of decimals, or have no occupational need
for decimals may be noted. Column (6) is filled in whenever column (3)
or column (U) list departmental employees as using decimals. This
colximn contains an abbreviated form for the decimal usage encountered
by these employees. That is, if the employees in a department are
called upon to figure in decimals which arise from using a micrometer,
the abbreviated form would be Mic-3 . All the listings in all of the
columns labelled (6) throughout the survey are discussed in detail in
Chapter Six to follow.
At the beginning of each of the twenty main sections of Chapter
Five, a summary table for the section is given which lists each indus-
try surveyed in that section together with the number in that industry
who figure in decimals, read decimals, or have no occupational need of
decimals. These summary tables are preceeded by a graphical picture of

their totalled percentages. The first of these summary graphs appears
on the following page and shows the percentage of persons in the sor-
veyed chemical and allied industries figaring, reading, and not using
decimals while a t work.

CH4PTEE V
Presentation of Data
oOo

CHkPTilR V
PEESENTATION OF MTA
Section One — Chemical and Allied Industries
Section One discusses the extent to which decimals were found to be
used in the Chemical and Allied Industries. Seven industries were sur-
veyed. The United States Census lists 621,000 persons as engaged in
these industries. This survey includes 3»368 persons. The ratio of
total persons engaged in these industries to the numher surveyed is,
therefore, 155 to 1.
Figure 1 summarizes pictorially the percentages of workers in these
industries figoring, ree-ding, and not using decimals. The colored por-
tion of the graph represents the 12. 5^* of the surveyed population who
have occupational need for decimals. The white portion indicates the
8J,2';i who had no use for decimals whatsoever while at work. The speckled
portion represents the 0.5^^ who need a reading knowledge of decimals at
their work.
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Fig. 1. Showing uses of decimals in chemical and allied
industries — 12.5/^ figuring, 0.5?« reading, and
S'J,2fs> having no occupational need for decimals.
The industries surveyed were the Providence Gas Company, Providence,
R. I.; The U. S. &utta Percha Paint Company, Providence, R. I.; Atlantic
Refining Company, Riverside, R. I.; United Drug Company^, Boston, Mass.;
Linde Oxygen Company^, Worcester, Mass.; Du Pont de Nemours Company^,
Leominster, Mass.; National Fireworks Company^, West Hanover, Mass. The
nximbers in each of these sxirveyed industries are shown in Table I which
follows:
1. Buckley, J. S. , The Uses of Decimals in Business
.
Mastei^s thesis,
Boston University, School of Education
, 1935» pag© 7^
2. Lindberg, 0. M. , A study of the Present Use of Decimals in Manufac-
turing
.
Master's thesis, Boston University, School of Education, 1937.
page 18
3. Lindherg, 0. M. , op. cit,, page 25
U. Lindberg, 0. M,
,
op. cit., page 35
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Table I Showing the Aggregated Personnel and Amount of
Decimal Knowledge Needed in the Seven Investigations
(1)
Name of Concern
Stirveyed
(2)
Totals
(3)
N\jmber
Figuring
Decimals
(^)
N-oraber
Reading
Decimals
(5)
Number
Not Using
Decimals
1. Providence Gas Co. 513 53 1 U59
?. U. S. Paint Co. 107 18 89
3. Atlantic Refining 91 7^ 17
Tlnitpd 'Dr^^J>' Ho- 1500 Qy JLCOO
Linde Oxygen Co. \\ 3 11
6. Da Pont Company 108 10 1275
7. National fireworks 350 22 328
Totals 3968 h8i 20 3^67
Percentages
100^of Totals 12. 3i 0.5'^ 87.5;^
Table I is almost self explanatory. Column (l) lists the seven
surveyed industries classified as chemical and allied industries.
I
Column (2) gives the aggregated employment in each industry. Column
i (3) shows the total number in each industry who are found to be figuring
I
I in decimals while at work. Column (k) indicates the total number in each
i
factory who are required to read decimals at their work. Column (5) states
' the total number in each plant who have no occupational need for decimals.
Vertical totals for columns (2), (3), (^) i and (5) are given at the bottom
of the table together with their corresponding percentages.
The following are significant interpretations of the data in Table
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I sh-owing the aggregated personne^l and amount of decimal knowledge needed
in the seven chemical and allied industries;
1. The average percentage of employees figuring in decimals is in
excess of 12^.
2. The Atlantic Refining Company demands Six of its employees to
figure in decimals, which is a marked contrast^ to any other
company listed in Tahle I, Column (l).
3. A reading knowledge of decimals is required "by only three com-
panies, and in each case the percentage of employees involved
is less than ifo.
The majority of the chemical and allied industry employees,
namely 8J.2jo, have no occupational need for decimals whatso-
ever.
Before drawing conclusions concerning the decimal figuring involved
in these industries, a detailed analysis of the data gathered at the
Providence Gas Company, the U. S. Gutta Percha Paint Company, aid the
Atlantic Refining Company will "be made.
Providence Gas Company
The Providence Gas Company is located on the south of Providence's
"business district, and provides artificial gas and stove coke for metro-
politan Providence. It employs a total of 513 persons who are divided
in their decimal usage according to the graph below. The colored portion
: 5» See page U3, Table lY for the explanation of this contrast.
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represents the lO't who have need to figure in decimals while at work,
and the white portion the 89. 8)0 who have no occupational need for deci-
mals whatsoever. The 0.2^ who are called upon to possess a reading
knowledge of decimals is not graphed.
Fig. 2. Showing uses of decimals at Providence G-as Co. 10%
figuring, 89.8^ not using. (0.2;o reading not shown)
The personnel is divided into departments as shown in the following
Table II, the two largest departments being production and distribution.
Table II Showing th.e Personnel and Amount of Decimal Knowledge
Needed at the Providence G-as Company
Division Number Number Number Key to
of Totals Figuring Readin;=5 Not Using Decimals
Personnel Decimals Decimals Decimals 11 lust.
1. Re search 8 8 Chem.
2. Stock Room 9 9 Stock - 3
3. Power Plant 15 6 Eng. Gap,
u. Maintsinance 90 IS 72 Mic-3
Production I3I 131
6. Distribution 189 189
7. Sales 12 12
8. Cashiers 15 15
9. Meter Readers 21 21
10. Bookkeeping 5 U 1 SS; Cost-U
11. Executive 8 8 Chem; Cost
Totals 513 53 1 1+59
Percentages
10^ 0.2^of totals 100^ 89.8^
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Table II is read as follows; In the research division, S persons
were employed, and eight figured in decimals. The type of figuring
done by these eight may be studied by turning to Chapter Six, page 180
entitled Chera.
In further explanation of Table II, it may be noted that Column
(l) lists the various divisions; column (2) the total employed in such
division; column (3)» the number in each division figuring in decimals;
column (U) the number in each .division reading decimals; column (5), the
number in each division having no occupational need for decimals; column
(6), an ejqslanation of the kind of decimal figuring or reading being
carried on by those persons listed as reading or figuring decimals in
each division. Such explanation occurs, not on immediately succeeding
pages, but in Chapter Six which deals exclusively with illustrations of
decimal usage discovered in the entire survey. Vertical totals for
columns (2), (3). (^) i and (5) are given at the bottom of the table to-
gether with their corresponding percentages.
The following are reasonable interpretations of the data of Table II
showing the personnel and amount of decimal knowledge needed at the Pro-
vidence Gas Company:
1. The entire staff of the research, stock room, executive, and
bookkeeping departments are called upon to figure and read decimals.
2. Two-fifths, or UO/u, of the power plant employees are required to
figure in terms of decimals.
3. One-fifth, or 20^, of the maintainance force needs a working
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knowledge of decimals,
h. The remaining departments of this company make no occupational
demand on their workers for decimal knowledge.
5. There is one person in the bookkeeping department who is called
upon to read decimals. This employee is a clerk who copies the figures,
sometimes expressed in decimals, of the other people in the department.
Whether this person reads decimals or merely copies figures and decimal
points is difficult to say.
The U. S. Q-utta Percha Paint Company
The U. S. Gutte Percha Paint Company manufactures the famous
Barreled Sunlight paint as well as high-gra,de varnish. Its grinders
and mixing machines are said to be among the finest in the world. A
visitor to this plant is amazed to note the manner in which oils are in-
troduced into paint mixtures which have been meticulously gro\ind and
mixed to a velvety smoothness. The vault room contains thousands of re-
cords of formulae used in producing certain shades of paint. At any
time, a shade previously mixed can be duplicated thus assuring the cus-
tomer real personalized service. It is of further interest to note that
paint varies in weight per gallon from 7* pounds to over 25 pounds, and
that the content of any barrel can be computed once its net weight and
paint type are known. In such an industry it is of interest to note
in which departments decimal usage is apparent and to what degree.
Table III which follows reveals such data.
6. See page 190, Chapter 71, entitled Paint-3 . for a decimal usage ari-
sing from this fact.

Table III SbowLiiig: the Personnel and Amount of Decimal
Knowled^ie Heeded at the U. S. Paint Company
Division
of
Personnel
Totals
Humber
Figuring
Decimals
N'omber
Heading
Decimals
Number
Hot Using
Decimals
Key to
Decimal
Illust.
1. Stock Room 23 1 28 Paint-3
2. , Laboratory- 6 6 Form-i^
3. Paint Prod, 30 30
h. Vami sh 10 10
5. Office IS 5 13 SS; Cost
6.
7.
Advertising
Executive
s g
(Form-U
(Cost-U
Totals
Percentage
107 ^ IS 23
of totals 100^^ iG.Sfo S3.1;S
As will be seen from Table III, there are 29 persons employed in
the stock room of this company. One figures in decimals, 23 have no
use for decimals while at work. The one who figures in decimals is in-
volved in a decimal usage which is listed in Chapter Six on page 190 , en-
titled Paint-3 .
Pictorially, the percentages of persons figuring, reading, aid not
using decimals at the U. S. Gutta Percha Paint Company would be:
Fig. 3. Showing uses of decimals at the U. S. Paint Co., l6.9'^ fi-
guring and g3»l5^ 3iot using decimals while at work.
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The Atlantic Refining Company
The Atlantic Refining Company is located at Kettle Point in River-
side, Rhode Island and serves as distributing point for Atlantic Filling
Stations in Rhode Island and Eastern Connecticut. Its huge storage tanks
located at the water's edge of Narragansett Bay are filled from tanker
ships. The oil is pumped from the ships to the tanks on the hill, thence
to the tanker trailer trucks. This oil distributing agency employs 91
persons who are distributed as to their decimal usage as follows:
Tig.U Showing uses of decimals at the Atlantic Refining Company,
81.3?^ figuring and 18.7^^ having no use for decimals while
at work.
It is to be concluded from the above graph which exhibits a colored
section equal to Sl.y-fo that most of these employees are decimal users. It
remains, however, for the following table, Table IV, to explain this great
use of decimals. The data herein presented shows out of a total of 65
truckmen, 60 figure in decimals. Wliile this is readily U. S. money, the
particular form of figuring justifies that it be classified as figuring
in decimals. This usage is explained at length in Chapter Six, page 189
entitled Oil-3 » Also, it is to be noted that the entire office force of
ten men are decimal figurers as well as the entire fuel sales force of U
persons.
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In contrast to the fuel sales force, it is to be noted that the
re^lar sales force has no need for decimals whatsoever. This other
sales unit is composed of IP young men who are in reality advertising
agents rather than salesmen. That is, they travel from filling station
to filling station promoting a more intelligent lubrication service.
Their task is to grease and oil cars in the modem way, and instruct
station operators in the art of extracting more money from the customer
than he ordinarily would think of spending. Their task involves no de-
cimal calculation.
Table IV Showing Personnel a-nd Amount of Decimal Knowledge
Needed at the Atlantic Refining Cornpan:/
(1) (2) (3) (^) (5) (6)
Division Number Number Number Key to
of Totals Figuring Reading Not Using Decimal
Personnel Decimals Decimals Decimals. Illust.
1. Trackers
2. Office
3. Sales
U. Fuel Sales
65
10
12
j£
91Totals
Percentage
of totals lOO'^
60
10
U
81.3^
12
17
12.7^
Oil-3
SS; Oil-3
Oil-3
Table IV is read as follows: There are 65 truckers, 60 of whom are
called upon to figure in decimals while at work, while the remaining 5
have no occupational need for decimals whatsoever. The decimal usage
engaged in by the 60 men is explained in Chapter Six on page 189, entitled
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Oil~3 « Rows (2), (3), and (U) discussing those in the office, sales and
fuel sales divisions respectively, are read in a similar fashion. The
totals for the four divisions are recorded at the bottom of the table to-
gether with their corresponding percentages.
From the foregoing detailed analysis of the uses of decimals in the
chemical and allied industries together with Tables I, II, III, and IV,
the following conclusions seem warranted;
1. If the seven chemical and allied industries presented in this
section are representative, and it is the belief of the writer
that they are, then from Table I, page 36, over SJjo of the em-
employees in chemical and allied industries have no occupational
need for decimals whatsoever.
2. A very definite use of decimals is revealed on page U3, Table IV,
Row 1 by oil delivery truckmen, as well as by the chemists, ex-
ecutives, accountants and stationery engineers in all concerns
discussed in this section.
3. An interesting use of decimals was discovered in the U. S. Gutta
Percha Paint Company where an employee in the Stock Room (page '+1
Table III, Row 1) divided decimals by decimals to get the number
of gallons of paint in a barrel when the net weight and kind of
paint in the barrel were known.

Section Two — Food and Allied Products
Section Two discusses the extent to which decimals were found to be
used in food and allied industries. The United States Census lists
907*000 persons as being employed in these industries. This survey in-
cludes 1,^3 persons, thus the ratio of total persons engsiged in these
industries to the number surveyed is 650 to 1.
Pigore 5 s\ammarizes pictorially the percentages of workers in these
industries figuring, reading and not using decimals. The colored portion
represents the 8.6^ of the surveyed pop\JLLation who figure in decimals while
at work. The speckled portion represents the 3,1% of employees who read
decimals while at work. The v/hite portion indicates the remaining 82.3^
who have no occupational need for decimals whatsoever.
Fig. 5» Showing uses of decimals in food and allied industries:
S.S'^l figuring, S»l% reading, and 82, 3;^ having no occupa-
tional need for decimals.
The industries surveyed were the Ward Baking Company, Providence,
R. I.; Shredded Wheat Company,. Niagra Falls, N. Y, ; Leerfoot Farms, South-
borough, Mass.; American Sugar Refining Company^, Boston, Mass.; American
7, Dalrymple, M. S,, Uses of Decimals in Industry . Master's thesis, Boston
University School of Education, 1933. page 8
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Cereal Company, Clinton, Mass.^ The number in each of these surveyed
groups are shown in Table V which follows:
Table V Showing the Aggregated Personnel and Amount of Decimal
Knowledge Needed in the Five Investigations
(1)
xjame ox ooncern
(2)
To tals
(3)
Number
Figuring Keading
xiecimaxs
(5)
Number
Not Using
Decimal
s
1. Ward Baking Co. 173 6 5 162
2. Shredded Wheat Co, 569 5S 11 500
3. Deerfoot Farms 105 10 k 91
U. American Suga,r 500 105 350
5. American Cereal % 2 1+ ^0
Totals 1U03 121 129 1153
Percentages
of totals 100^ 9.lf» g2.3/^
Table V is almost self explanatory. Column (l) lists the five sur-
veyed groups classified under this section. Column (2) totals the aggre-
gated employment in each plant. Column (3) shows the total number in each
group who are required to figure in decimals while at work. Column (U) in-
dicates the total number in each group who are called upon to have a reading
knowledge of decimals while at work. Column (5) states the total ntimber in
each factory who have no occupational need for decimals #iat soever. Verti-
cal totals for columns (2), (3), (^), and (5) are given at the bottom of
the table together with their corresponding percentages.
8. Lindberg, 0. M.
,
op. cit., page 27

The following are comments on the data of Table V;
1. The percentage of employees figoring decimals in each of the
surveyed factories is low.
2. A si^ble percentage of the employees at the American Sugar
Eefining Company are reported as decimal readers.
3. The size of the plant has little to do with the distribution
of workers as listed in Columns (2), (3), and (k) of Table V.
To note, Shredded Wheat Company in row 2 is the largest employer
in this table whereas Leerfoot farms is next to the smallest.
Their occupational demands of workers in the field of decimal
usage, however, varies little in so far as percentage of work-
men are concerned {3,Sfo as against 3,3%),
h. The majority of the workers surveyed in these industries have no
occupational need for decimals whatsoever.
A detailed analysis of the first three industries listed in Table V
now follows:
The Vara Baking Company
The Ward Baking Company, Providence branch, is located in a modern
three-story structure adjacent to the Point Street Bridge area. Its mo-
dern mixing tanks and ovens produce thousands of loaves of bread daily
along with pastry rolls of various designs. The cakes and pies distributed
by this concern are manufactured in the Boston area. Employing 173 persons,
its personnel is divided in the amount of decimal usage required according
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to the following graph, Figare 6:
Fig. 6. Showing uses of decimals at the Ward Baking Company:
3.5^^ figuring, ?.9/* reading, 93»^/» using declnals
while at work.
There are eight departments in this company, the largest being
known as the sales department. The next three departments in order of
size are: preparing room where rolls and loaves are made up, the ovens
which employ those men expert at the handling of gas ovens and the
packing. As will be noted in studying the following table. Table VI,
none of these large departments have any need for decimals whatsoever
while at work.
Table VI Showing the Personnel and Amount of Decimsl Knowledge
Needed at the Ward Baking Company
(1) (2) (3) (5) (6)
Division Number Number Number Key to
of Totals Figuring Reading Not Using Decimal
Personnel Decimals Decimals Decimals Illust.
1. Stock 5 5
2. .Mixing Eooni 6 6
3. Preparing 28 2S
k. Ovens 26 25
Packing 25 25
6. Maintainance 13 2 3 8 Mic-3; Auto
s.
Office
Sales
6 k 2 CSS: Coat-ll;
(Sales %
Totals 173 6 5 162
Percentage
of totals 100^ 3.5/^ 2.9^ 93.6^

Table VI is read as follows: Column (l) lists the division of per-
sonnel according to departments. Coraran (2) indicates the total number
employed in each department, Column (3) shows the number in each depart-
ment figuring in decimals. Column (h) indicates the number in each de-
partment found to be reading decimals wtiile at work. Column (5) states
the remaining number in each department who have no occupational need for
decimals. Beginning with row one, the table reads: there are 5 persons
employed in the stock room. These 5 persons have no occupational need for
decimals. In like manner, the other departments are discussed. The first
department to report decimal usage is in row 6, maintainance , where there
are I3 persons employed. Two of these I3 figure in decimals, 3 read deci-
mals, and the remaining 8 do not use decimals. Column (6) reports the page
in Chapter Six where the specific usage encountered by these 5 persons is
discussed. Vertical totals for col\jjnns (2), (3), (^), and (5) are given
at the bottom of the table together with their corresponding percentages.
From the data of Table VI the following comments are warranted:
1. The persons who figure in decimals at the Ward Bsking Company
are employed in the office and maintainance departments.
2. The vast majority of employees in this food industry have no
occupational need for decimals.
3. No peculiar use of decimals is apparent from the illu8trs,tions
listed in column (6) of the table.
Shredded Wheat Company
Probably no product is e,ny better associated with a place than is the
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Shredded Wiaeat Company of Niagra Falls. The picture of a large biscuit of
shredded wheat together with the picturesque falls of Niagra isai associa-
tion known to every child in America. In recent months, a new name has
been given to this old American product, namely the National Biscuit
Shredded Wheat, due to the fact that the ownership of this cereal concern
is controlled by the National Biscuit Company of New York City. The Na-
tional Biscuit Shredded Wheat Company employs 56S persons who are divided
according to their usage of decimals as follows: 37 or 6.5/^ figure in
decimals while at work; 19 or 3* 3/^ need a reading knowledge of decimals;
and 513 or 30.?^ have no occupational need for decimals whatsoever. This
distribution is erolained graphically in the figure below (Fig. 70 where-
in the colored portion represents the percentage figuring in decimals, the
speckled portion the percentage reading decimals, and the white portion
the percentage needing no decimals whatsoever at their work.
MHK5rr~~~ ~"—
Fig. 7» Showing uses of decimals at the Shredded Wheat Company:
6.5'^ figuring, 3*3^^ reading, and SO, 2fo not using deci-
mals while at work.
A detailed explanation of these percentages is found in studying
Table VII which follows. The departments of the company are listed in
Column (1). Column (2) gives the total employed in each department;
column (3) the number in each department figuring in decimals; column (k)
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the numlDer in each department reading decimals; column (5) the number in
each department having no use for decimals while at work; Column (6) gives
the decimal usages encountered at this company, a detailed analysis of
which may he found in Chapter Six. For instance, Eow h lists the drafting
department with seven persons employed. All seven are listed in Colamn
(3) as decimal figurers. Column (6) gives the page headed Draft (Chapter
Six, page 123) as the location of the e:Q)lanation of the decimal usage
encountered "oy these draftsmen. In similar fashion, row 5. office, indi-
cates in Column (6) pages headed Cost-U and _SS as the location for decimal
usages encountered by the 12 office persons invdved in decimal calculations.
Table VII follows:
Table VII Showing the Personnel and Amount of Decimal Knowledge
Needed at the Shredded Wheat Company
il)
Division
of
Personnel
(2)
Totals
(3)
Number
Figuring
Decimals
(U)
Number
Heading
Decimals
(5)
Nunber
Not Using
Decimals
(6)
Key to
Decimal
must.
1. Baking 350 350
2. Packing 150 150
3. Maintainance k? IS 11 13 Mic-3
U. Draft ing 7 7 Draft
5. Office 20 12 g SS; Cost
Totals 569 37 15 513
Percentage
of totals 100^ 6.5^ 3.3^ 90.2^
Deerfoot Farms Company
The name, Deerfoot, to any New Snglander is synonoraous with sausage
B^'^trn University
Sciiooi of Ecfucation
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and Tjacon * It is in Southboroiigh, Massachusetts at Deerfoot Farms Company
that all "bacon and sausage marketed "by the Deerfoot Company, a su"bsidiary
of Borden Milk Company, is made. Hundreds of selected carcasses of milk-
fed swine are shipped daily from the Boston slaughtering houses to the
refrigeration vaults of this company. After proper evaporation of the
moisture in the carcass has taken place, the pigs are dissected, and sla"bs
of bacon or strings of sausages are produced. Any visitor at this indus-
try will be fascinated by the manner in which the expert sausage men twist
and pack the sausages. After the new sausage strings have been further
evaporated, packers place the sausage in pound cartons. In addition to
this production of bacon and sausage, there is a large canning department
and a modem milk pasteurizing and bottling plant. The latter products
are vended daily in the Boston area.
This company employs 105 persons who are divided according to dBCi-
mal usage as indicated in the following chart. Figure 8, which follows:
Fig. 8. Showing the uses of decimals at the Deerfoot Farms Co.
9,5;^ figuring, 3»S^ reading, SG,T?> nott using decimals
while at work.
The colored portion of Figure 8 refers to the percentage of workers
figuring in decimals, the speckled portion to those who read decimals, and
the white portion to those who have no occupational need for decimals.
v3
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Further li^ht on the nature of these percentages may "be gathered by
studying the Table VIII which follows. This table reveals the various
departments of the Deerfoot Farms Company together with the number em-
ployed in each department. Columns (3) • (^), and (5) of the table divide
.the department personnel according to their decimal usage, and column (6)
lists the pages in the following chapter on which a detailed analysis of
the decimal usage is discussed. For instance, row 3 states that the chera-
isti/ department employs 2 persons. Column (3) lists these 2 persons as
decimal figarers, and column (6) gives the page titled Chem in Chapter Six
as the location of the ejgjlanation of the type of decimal figuring accom-
plished by these chemists. Table VIII follows:
Knowledge Needed at the Deerfoot Farms Com-oany
(1) (2) (3) (^) (5) (6)
Division Number Number Number Key to
of Totals Figuring Reading Not Using Decimal
Personnel Decimals Decimals Decimals Illust.
1. Milk Product 19 19
Receiving
2. and Delivery 10 10
3. Chemists 2 2 Chem
Sausage
u. and Bacon 50 50
Maints.inance (Mic-3
1
and Grarage 10 2 8 (Eng. Cap.
6. Office lU 6 U SS; Cost-4
Totals 105 10 k 91
Percentage
86. 7?^of totals 100^ 3>5^ 3.8^
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From the foregoing discussion of the use of decimals in the Ward
Baking Company, Shredded Wheat Company, and Deerfoot Farms Company to-
gether, together with the additional data of Table V on page U-6, the fol-
lowing conclusions concerning decimal usage in Food and Allied industries
seem warranted:
1. If the five industries surveyed are representative of the food
and allied products, and it is the belief of the writer that they
are, then approximately 22,3'^ of the employees in the food and
allied products industries have no occupational need for decimals,
neither reading knowledge or computational skill.
2. The minority, 3,1^, who need a reading knowledge of decimals
would probably do Just as well by closely observing the relation
of the figures copied as they would by actually reading the deci-
mals according to arithmetical terminology.
3. Those persons who are called upon to figure in decimals while at
work are chemists, draftsmen, executives, accountants, aid skilled
mechanics. These make up Z,Sfo of the total.
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Section Three — Textile Industries
Section Three discusses the extent to which decimals are found to be
used in Textile Industries. The United States Census lists 1,179.000
persons engaged in the textile industries of the country. This survey
includes four textile industries with a total employment of 2,353 persons.
The ratio of the total persons engaged in these industries to the surveyed
population is, therefore, 500 to 1.
Figure 9 summarizes pictorially the percentages of workers in these
industries figaring, reading and not using decimals while at work. The
colored portion of the graph represents the 3«2/w who are called upon to
figure in decimals. The speckled portion indicates the 0.3'^ ''^ho need to
possess a reading knowledge of decimals. The white portion signifies the
remaining SG,^fo who have no occupational need for decimals.
Fig. 9» Showing uses of decimals in the textile industries -
3.2^^ figaring, 0.3^ reading, S6.5)« not using decimals
while at work.
The industries surveyed in this section were the Fisher Manufacturing
Company, Fisherville, Mass.; Franklin Process Company, Providence, E. I.;
Whittall Carpet Company,-' Worcester, Mass.; and the Rhode Island Worsted
9. Lindberg, 0. M. , op. cit., page 19
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Company, Stafford Springs, Connecticut, The nuaters in each of these
factories are shown in Table IX which follows:
Table IX Showing; the A;g;,^e;'^ated Personnel and Amo-gnt of
Decimal Knowledge Needed in the Pour Investigations
—— P H I ^mmm HMM^IBW.! Will ^M^^— I I MMH* aMBBa— MMH^WM
I
^'-fi I !
(1) (2) (3) (h) (5)
Najne of Concern Ntamber Number N-aciber
Totals Figuring Reading Not Using
Surveyed Dec imals Decimals Decimals
1. Fisher Mfg. Co.
2. Franklin Process
3. Whittal Carpet Co.
h, R. I. Worsted
Totals
Percentages
of totals
Table IX is read in a fashion similar to Table V, that is, Column
(1) lists the name of the industry surveyed, column (2) gives the aggre-
gated personnel for each company, column (3) the number in each industry
called upon to figure in decimals uriiile at work, column (^) gives the to-
tal number in each industry reading decimals, and col-omn (5) lists the num-
ber not using decimals. Vertical totals are given at the foot of the table
with their corresponding percentages.
The following are interpretations of the data of Table IX showing the
aggregated personnel and amount of decimal knowledge needed in the textile
industry:
563 23 5^
^33 30 6 337
1200 19 llSl
J31 2 J^l
2353 77 6 2270
100^^ 3.2'^ 0.3?* 96.5^
10. Lindberg, 0. M.
,
op. cit., page 36
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1, The four industries show a marked similarity in the nuaber of
emplyees called upon to figure in decimals.
?. Column (3) shows a percentage slightly in excess of of the
total employed who are figuring in decimals while at work.
3. The need for a reading knowledge of decimals according to column
(h) is negligible.
U, The vast majority of employees are listed in Column (5), that
is, as not using decimals while at work.
Before drawing any conclusions, however, concerning the use of deci-
mals in Textile Industries, a closer inspection of the data collected at
the first two named companies is in order.
Fisher Manufacturing Company
The Fisher Manufacturing Company is typical of the New England Tex-
tile mill of the first decade in the twentieth century. Located on the
Blackstone River, it derives its power from water fall. This concern,
like all other New England textile mills, has found it economically de-
sirable to specialize in a particular cotton or silk product. Lace cur-
tains are the specialty of the Fisher Manufacturing Company, and its looms
with their customary clanging and banging produce thousands of yards of
lace curtains daily. The cotton thread used in production is also manu-
factured in this mill. The raw cotton is purchased in bales, then picked,
carded, and spun into thread of various qualities. From thread, the
weavers mstke it into curtains.
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This concern provides work for six hundred persons, mostly of French
and Polish stock, and as Table X indicates, makes little demand upon them
for decimal understanding and usage. It is only in Row 8 of the table
that more than a small minority in a given department are called upon to
figure or read decimals. This is the office and includes plant managers,
owner, and time-study men. Table X follows:
Table X Showing the Amount of Decimal Knowledge Needed
at the Fisher Manufacturing Company
(1)
Division
of
Personnel
(2)
Totals
(3)
Number
Figuring
Decimals
(^)
Number
Reading
Decimals
(5)
Number
Not Using
Decimals
(0)
Key to
Decimal
Illust.
1. Yard 8 8
2. Picking h u
3. Carding 13 73
Spinning 150 3 1U7 Pay-3
5. Weaving 250 9 2U1 Pay-3
6. Cloth Room U5 ^5
7. Machine Shop 18 2 16 Mic-3
(Pay-3
S. Office
_i (T3; SS
Totals 563 23 5^
Percentage
of totals 100^ 96^
Table X is read as follows: Row 1 indicates that in the Yard of •
this factory there are 8 employees, and all 8 are listed in column (5)
as decimal non-users; in like manner row k says that there are I50 per-
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sons employed in the spinning room, 3 of whom figare in decimals while
the remaining 1U7 have no occupational need for decimals whatsoever. The
3 who figure in decimals are engaged, according to column (6), in figarirg
payroll to three decimal places. A more complete explanation of the exact
process involved here is given in Chapter Six on page 191« -^H other rows
of the table are read in like fashion. Foot totals are given for columns
(2), (3)1 (^) , and (5). together with their corresponding percentages.
From the data of Tatle X the following conclusions are drawn:
1. Aside from the office force, there is little demand for employees
to fig-ore or read decimals.
2. From careful study at the factory, all persons fi;garing in deci-
mals were either trained specialists or employees of long stand-
ing.
3. No reading knowledge of decimals was required of any employee
who did not figure in decimals.
Franklin Process Company
The Franklin Process Company, located in the heart of Providence's
industrial area, is nationally known for its natural yarns, glazed yarns,
and colored yarns. Its function in the industrial world is twofold in
that it (1) accepts yarn for coloring from other concerns who have al-
ready spun the yarn, (2) purchases cotton thread, dyes it and retails it.
Most of its "business, however, is of the first type — thus its name.
Franklin Process Company.
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In visiting such a concern it is of interest to observe men weighing
out the dye stuff on scales graduated to the thousandth of a pound, mix-
ing certain prepared dyes together, and casting the mixture into a vat
into which will be dipped thousands of yards of yarn. Also, an artisti-
cally inclined visitor would consider the winding room with its countless
strands of variagated yarns shuttling from spool to spool, a veritable
fairyland whose interior is a scintillating cob-web of colored filaments.
Table XI to follow presents in detail the departments of this com-
pany and the amount of decimal usage discovered in each of them. All de-
partments save one employ persons engaged in decimal figuring with the
executive force being listed as 100^^ decimal users. Table XI follows^
Table XI Showing the Amount of Decimal Knowledge
Needed at the Franklin Process Company
(1) (2) (3) (^) (5) (6)
Division Ivjunber Number Number Key to
of Totals Figuring Reading Not Using Decimal
Personnel Decimals Decimals Decimals Illust.
1. Dye House 100
2. Stock Room 25
3. Winding Room 2Ug
U. Sales 15
5. Accounting I5
6. Maintainance 20
7. Executive 10
Totals 1+33
Percentage
of totals 100^
3
3
5
k
10
30
n
6
S9
25
2U5
12
10
16
397
92^
Form-U
Pay-3
Cost-i+
Cost-U
Mic-3
Cost-U; SS
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Table XI is read as follows: Row 1 lists 100 persons as working in
the dye house. Five of these figure in decimals, 6 read decimals, and
the remaining 89 are decimal non-users. Those who do figure in decimals,
according to column (6), are engaged in the figuring of formulae whose in-
gredients are expressed in the decimal equivalents of percent s. (A more
detailed description of this usage is given in Chapter Six, page 185.)
Row 2 says that there are 25 employed in the stock room, and all 25 are
listed in column (5) which represents the non-users of decimals. The
other rows are read in like fashion. Vertical totals are given for columns
(2). (3). (H). and (5). .
The following are significant interpretations of the data of Tahle
XI showing the personnel and amount of decimal knowledge needed at the
Franklin Process Company:
1. A reading knowledge of decim.sls only is required of six employees
out of the 397« This constitutes barely 1^.
2. The majority of those figuring in decimals are those engaged in
executive, engineering, accounting, and chemical work. All of
these occapations being of a highly trained nature.
3. The vast majority of those employed at the Jraniclin Process Com-
pany have no occupational need for decimals whatsoever.
From the foregoing discussion of the use of decimals in the textile
industry, the following conclusions seem warranted:
1. If the four textile companies studied are representative, and it
is the belief of the writer that they are, then approximately 37^
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of employees in the textile industry have no occupational need
for decimals, neither reading knowledge nor computational usage.
The three percent who figure and read decimals are executives,
accountants, chemists, special salesmen, skilled mechanics, and
foremen. Their computational knowledge has come from higher in-
stitutions of learning or ' on- the- j oh' apprenticeship.
No peculiar use of decimals was apparent.
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Section Pour — Clothiap; Industries
Section Four discusses the extent to which decimals were found to be
used in the clothing industries. ^-^ Two industries were surveyed. The
United States Census lists 790,000 persons as engaged in these industries.
This survey includes 1,150 persons. The ratio of total persons engaged
in these industries to the numher surveyed is, therefore, 69O : 1.
Figure 10 summarizes pictorially the percentages of workers in these
industries figuring, reading, and not using decimals. The colored portion
of the graph represents the 5*^^ of the surveyed popxilation who have occu-
pational need for djeciraals. The white portion indicates the 3^»^/^ who
have no occupational need for decimals whatsoever while at work.
Fig. 10. Showing uses of decimals in clothing industiies-
^,2fo figuring, S^,Sfo having no occupational need
for decimals.
The industries surveyed were the Hoyal Worcester Corset Compeny,
11. The data in this section has been adapted without cha.nge from the
thesis by Olive M. Lindberg, (See Reference 12) This section was
to be a.ugmented in 19^2 by two personal-industrial-surveys conducted
by the writer. This was forbidden by government order as all avail-
able clothing concerns are under government contract. Ho visitors
are allowed.
12. Lindberg, 0. M. , ot). cit. page 20

Worcester, Massachusetts; and the William Knowlton Hat Company, West
Upton, Massachusetts. The numbers in each of these s-arveyed industries
is shovm in Table XII which follows:
Table XII Showing the Agairegated Personnel and Amount of
Decimal Knowledge Needed in the Two Investigations
(1)
Name of Concern
Surveyed
(2)
Totals
(3)
Number
Figuring
Decimals
(U)
Number
Heading
Decimals
(5)
Number
Not Using
Decimals
1. Royal Corset Co. 50 350
2. Wm. ICnowlton Hat 750 10 7U0
Totals 1150 60 1090
Percentages
of totals 1005^ 9H.S^
Table XII is almost self explanatory. How 1 reads as follows: At
the Soyal Worcester Corset Comr>any, there are 50 employees who figure in
decimals. The remaining 350 employees have no occupational need for deci-
mals whatsoever. This totals UOO employees for the company. How 2 is read
in a similar fashion.
The following are significant interpretations of the data in Table
XII:
1. A relatively small percentage of those enrplcyed in the two sur-
veyed companies are called upon to figure in decimals.
2. No reading loiowledge of decimals is necessary.
3. The vast majority (9^.8^) have no occupational need for decimals
13. Lindberg, 0. M. , op. cit., page J/k
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•
wiaat soever.
h. The above results are comparaJble to the acceptable standard for
for home sewing in which no decimals occur. Measurements are in
terms of inches and their common fractional parts. The use of
decimals is non-existent.
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Section Five — Fishiiii^ and i'orestry
Section Five discasses the extent to which decimals were found to be
used in Fishing and Forestry Industries. Two groups of fishermen and two
groups of lumhermen were surveyed. The United States Census lists 269,000
persons as engaged in fishing and forestry work. This survey includes l60
persons. The ratio of tote-l persons engaged in these occupation to the
numher surveyed is, therefore, 1,600 to 1.
I
I
I Figure 11 summarizes pictorially the percentages of workers in these
industries figuring, reading, and not using decimals. None need tc figure
in decimals. The speckled portion represents the 1.2f^ of the surveyed
population who need a reading knowledge of decimals while the white portion
represents the 98.8^ who have no need whatsoever for decimals while at work.
Fig. 11. Showing uses of decimals in fishing and forestry -
1.2^ reading decimals only, 92«2/» having no occup©.-
tional need for decimals whatsoever. None need to
figure in decimals.
The industries surveyed were the Charlestotmi Oystermen, Oharlestown,
R. I.; the Block Island Fishermen, Block Island, R. I.; the Clark Lumber
Mills, Clark Mills, Maine; and Paul's Saw Mill, Newmarket, Hew Hampshire.
The numbers in each of these surveyed groups are shown in Table XIII which
follows:
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Table XIII Showing the A^greff:ated Personnel and Amo-gnt of
Decimal Knowledge Needed in the Fo-gr Investigrations
(1)
Kame of Concern
Surveyed
(2)
Totals
(3)
Number
Fi^^ing
Decimals
N-umber
Reading
Decimals
(5)
Number
Not Using
Decimals
Charlestown
1. Oystermen 18
Block Island
2. Fishermen 37
3. Clark Lumber Mills S2
h, Paul's Saw Mills
Totals l60
Percentage
of totals 100;^
2
1.2^
18
37
SO
_£2
158
98.8^
Table XIII is almost self explanatory. Column (l) lists the four
surveyed industries classified under this section. Column (2) gives the
aggregated n\amber in each group. Column (3) show the total number in each
group who are required to figure in decimals while at work. Column {h)
indicates the total number in each industry found to be reading decimals
at work. Column (5) states the total n\imber in each grouo who have no
occupational need for decimals whatsoever. Vertical totals for columns
1(2), (3)1 (^)f (5) 8-re given at the bottom of the table with their
corresponding percentages.
The following are comments on the (fe.ta of Table XIII showing the aggre-
gated personnel and amount of decimal knowledge needed in the four investi-
' gat ions listed in Section Five.
1. Fishermen are not required to use decimals in performing their
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daily tasks.
2, The vast majority of lunberraen have no need for decimal calcula-
tion whatsoever. The two who are listed as decimal readers did
so in connection with micrometer reading, and then only on rare
occasions. Sach work was the result of 'on-the-job' learning
rather than the product of any school experience.
3. The repetition of results in these four investigations prompted
the investigator to discontinue any efforts to gather additional
information in this section.
In general, the figuring done by these men, other than pay calcula-
tions were.
a. Weighing of fish and figuring their value at so much a pound or
hundredwe ight.
b. Measuring of logs, the reading of board feet, from a log book,
and the addition of such board feet to arrive at estimated
totals.
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Section Six — Machinery'- and Vehicle Industries
Section Six discusses the extent to which decimals were found to be
used in the Machinery and Vehicle Industries. Four industries were sur-
veyed. The United States Census lists 3.283,000 persons enga^^ed in these
industries. This survey includes 33.790 persons. The ratio of the cen-
sus to the surveyed population is, therefore, 100:1.
Figure 12 summarizes pictorially the percentages of workers in these
industries figuring, reading, and not using decimals. The colored portion
of the graph represents the 12.2;^ who have occupational need for figuring
in decimals. The speckled portion indicates the 7»7;^ who need a reading
knowledge of decimals at their work. The white portion is that remaining
portion, 80.1'^, who have no occupational need for decimals whatsoever.
Pig. 12. Showing uses of decimals in machinery and vehicle in-
dustries — 12*2'jl figuring, 7*7:^ reading, and 80.1;o
not using decimals while at work.
The industries surveyed were the Ford Motor Company, Detroit, Mich.;
Wickwire Spencer Company, Worcester, Mass.r'^ Otis Elevator Company, Boston,
Mass.;^^ and Standard Products Company, Clinton, Massachusetts. For the
sake of clarity and ease in handling the great number at the Ford Motor
lU. Lindberg, 0. M.
,
op. cit.
,
page 17
15. Buckley, J. S., op. cit., page 36
16. Lindberg, 0. M.
,
op. cit., page 30
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Company, the survey report is divided into Ford I, Ford II, and Ford III.
Pord I includes all productive workers at the Eiver Rouge Plant. These
are men such as assemblers, foundry workers, "body mount, glass factory
men, etc. Ford II includes all non-product ive workers who might "be char-
acterized as "white collar" men. That is to say, office employees, ex-
ecutives, engineers, and professional workers. Section III includes all
other non-t) rodue t ive workers whether draftsmen or unskilled laborers.
Throughout the chapter this division of the Ford Company will be constant.
The numbers in each of these sections of the Ford Company together with
the summarized data for the other surveyed industries is given in Table
XIV below:
Table XIV Showing the Aggregated Personnel and Amount of
Decimal Knowledge Needed in the Four Investigations
(1) (2) (3) (^) (5)
Name of Concern Number Number Number
Totals Figuring Reading Not Using
Surveyed Decimals Decimals Decimals
Ford Motor Co.
1. Section I I360U 27h 838 121+92
Ford Motor Co,
2. Section II 3I+S2 2357 129 396
Ford Motor Co.
3. Section III 15226 305 153s 12823
Wickwire Spencer 1210 50 1160
Otis Elevator Co. 252 ^5 21 186
6. Standard Products 16 2 lU
Totals 33730 1+133 2586 27071
Percenta.5:e
of totals 1007^ 12. 2^;^ 7.7'^ 80.1)^
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Table XIV is almost self expfematory. Column (l) lists the three
sections of the Pord Company together with the other three industries
surveyed. Col-aian (2) totals the aggregated employment in each industry.
Column (3) shows the total number in each industry who were found to "be
figuring in decimals while at work. Column (U) indicates the total num-
ber in each facto ry who are required to read decimals while at work.
Column (5) states the total number in each industry who have no occupa-
tional need for decimals. Vertical totals for columns (2), (3), (^), and
(5) are given at the bottom of the table together with their correspond-
ing percentages.
The following are significant interpretations of the data in Table
XIV showing the aggregated personnel and amount of decimal knowledge need-
ed in the four machinery and vechicle industries:
1. Ford I of the Ford Motor Company survey (that section which dis-
cusses the decimal needs of the productive workmen) shows 2.1;^
of its personnel figuring in decimals. This compares quite
closely with the percentage (^^,2)^) of workmen in Ford III figur-
ing in decimals, and the U;^ figuring in decimals at the Wickwire
Spencer Company in Worcester.
2. Ford II of the Ford Motor Company survey shows 85.3/^ o^" its per-
sonnel figuring in decimals whicxi is far in excess of any other
industry reported in this section. Ford II includes the non-
productive workmen who are executives, office employees, and
professional workmen.
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3. An occupational demand for a ree.ding knowledge of decimals was
indicated in Ford I with 6.2/o of the personnel needing a reading
knowledge of decimals. This percentage is higher in Ford III
which lists 10.5^ as needing a reading knowledge. The Otis Ele-
vator Company survey reported lOfo needing a reading knowledge of
decimals.
h. With the exception of Ford II, all industries showed the majority
of their employees having no occupational need for decimals what-
soever.
Before making any general statements concerning the ajnount of deci-
mal \isage actually discovered in these industries, a closer inspection
of one of these concerns is in order.
Ford Motor Company
The Ford Motor Company can well be termed the world's largest single
industry. The River Rouge Plant on the outskirts of Detroit, Michigan
covers 1,096 acres. Its buildings have a floor space of more than
7,250,000 square feet. Within its boundaries there lies over 90 miles of
railroad tracks and one and one- third miles of docks. It contains the
world's largest foundry covering thirty acres. Its power comes from the
largest industrial steam generating plant in the world. It uses in a
single day more than 53^,000,000 gallons of water — or more than the
cities of Detroit, Cincinnati, and Washington combined. The plant nor-
mally employs about SO.OOO-'-^ men who ply almost every industrial trade
17 This survey was conducted in April, 193^ during an off-peak season of
the motor car industry. Thus, the total employed was only 32,312.

known. Here the iron ore, limestone, foundry sand, and coal arrive by-
boats. The blast furnaces produce the steel, and the foundry and steel
mills complete the processing. Blast furnace slag helps produce 2,^0
barrels of cement daily while safety glass and rubber tires continue in
endless production.
Lest one feel that such infiniteness of materials be a sign of laclc
of infinitesimal practice, let us look at those operations that go to make
up the Ford V-S engine. Precision here is measured in decimals so small
that they are hard to imagine. Splitting an inch ten thousand times
gives us a picture of the unit that most of the inspectors of engine
parts demand. There are instances where a set of goage blocks (Johansenn
blocks) measuring to eight millionths are used. These, of course, are
kept in specially constructed chambers where air pressure and temperature
are constant. In all, there are over 50 i 000 guages needed to produce
6,000 Fords daily for each Ford V-8 engine demands 6,350 goage applications
before it is ready for sale. The extent to which guages are in use at
Hiver Rouge is seen by studying an automatic goage machine used to check
the piston pins for the V-S motor. This one machine checks to one ten
thousandth the following five things: length of pin, finish of pin, hard-
ness of pin, taper of pin, and outside diameter of pin. Any piston pin
failing to pass all five tests is thrown automatically into discard. Such
a machine turns out 2,^0 piston pins per hour. Imagine the number of
employees that would be needed to make five goage applications on 2,U00
pins per hour, as well as the chance for error in such an operation where
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a difference of one ten thousandth (smaller than the thickness of a human
hair) makes the pin defective.
In addition to the excessive use of decimals in the guages handled
"by the men - much handling not even demanding a reading knowledge of deci-
mals as the goages are of the stop-go variety - there is a vast army of
engineers, chemists, research men, accountants, efficiency experts, and
executives who are constantly referring to matters stated decimally. The
time study djepartment, although having no influence on the pay check of
an employee, is constantly alert as to the cost per operation in the manu-
facture of a Ford car. Its interest lies in the fact that if a man is
paid 95*^ per hour and a job takes 1.18 minutes, then that particular job
is costing the Ford Motor Company$L.S6. (liM.
oO
Stock room materials are likewise figured in ten thousandths hy the
stock department.
The Trade School at the Ford Plant requires its students to he fami-
liar with decimals, especially a reading knowledge. This school lays
great stress on the practical application of these decimals to the produc-
tion of a Ford motor car. Tables converting fractions to decimals^^ are
in constant use, and the meaning of guages raeasviring to ten thousandths
is a matter of common discussion.
18. A stop-go guage is a gaage so constructed that if it fits the piece of
steel, it means that the piece is satisfactory - if it doesn't fit, the
piece is defective. No calculation is necessary. It either is or
isn't.
19. Sach as those given away by the Starret Tool Co. of Athoi or the Luf-
kin Company of Chicago.
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Turning to a detailed discussion of the three sections of the Ford
Motor survey, we have:
Ford I - the productive workmen
Ford II - the non-productive workmen who are
professional and office workers
Ford III - the non-productive workmen who are
classified as unskilled and craft
workers
Ford I — Productive Workmen
Here are the men who are directly responsible for the production of
the Ford automobile. Without the others in the plant (discussed in Ford
II and Ford III) they would he powerless and inefficient. Nevertheless,
these men are the direct producers. Within this classification are those
men who assemble the finished parts of the car; the foundry' and machine
shop men; the rolling and pressed steel workers; the upset building men;
the blast furnace operators; the makers of rubber tires and safety glass;
the cement shop men; as well as those hardy souls who tend the open hearth
furnaces. These 13,6oU workmen are the direct producers of the Ford car.
But what of their decimal need? Table XV to follow lists the different
departments to be classified under Ford I together with a statement as to
their decimal needs. A glance at this table shows only 27^ or barely 2%
who are called upon to figure in decimals while at work. A much larger
number, 332 or b»2/o, have need for a reading knowledge of decimals. These
men using the decimal guages which are not of a stop-go variety (see foot-
note 18). However, the vast majority of these productive workmen namely,
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12,U92 or 91»77^. iiave no occupational need for decimals whatsoever. Table
XV listing the main division of employees in Ford I now follows:
Table XV Showing the Personnel ano Amount of Decimal Knowledge
Needed at the Ford Motor Company — Ford !_
(1) (2)
Division Number Number Number Key to
of Totals Figuring Reading Not Using Decimal
Personnel X X -LU.Q Kj .
313H
jQuoget—
_5
1 • Motor Bldg. Lrciage—
_5
Foundry Tin A rita ^ 7jjucLge
2. Machine Shop 1113 37 153 923 Mic-3
7
J' Foundry 219 it in PI P!U Till JTO ^ —
AilC—
J
K B-Bldg. IU67 Ug 103 1316 Badge t-3
106U
Mic-3
5. Rolling Mill 1197 ^9 zh Budge t-3
Mic-3
6. Pressed Sted. 1900 23 S 1271 Budget-3
7 Upset Bld^. S29 77k
Blast Fam,
2. Coke Ovens U26 U26
Chem
9. Rubber Mfg. 2S6 15 g 263 Budget-3
10. Cement Plant 202 2 200 Badget-3
Chem
11. Glass Plant 77s 10 25 7^3 Badget-3
12. Open Hearth 17 1 16 Badget-3
13. Soy Bean 1 1 Chem
Totals 1360!^ 27U 83 s 12U92
Percentage
91.7^of totals 100^ 2.1-^ 6» 2^
Ford II — Non-Productive Office and Pr^ofessional Workers
This section deals with those persons employed by the Ford Motor
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Corapany who are connected with the administrative, engineering, acco\mt-
ing, clerica-l and professional phases of this company. The main divisions
in this section together with the amount of decimal usage herein reported
now follows!
Table XVI Showing the Personnel and Amount of Decimal Knowledge
Heeded at the Ford Motor Company -- Ford II
(1) (2) (3) (U) (5) (6)
Division Number Number Number Key to
of Totals Figuring Reading Not Using Decimal
Personnel Decimals Decimals Decimals Illust.
Car
1. Engineering 76 76 Sngin.
Office and
2. Receiving lOS 108 oS; Cost-H
3. Draft ing 150 150 Draft
finn Til f» t. 12? 57 Engin.
5. Medical 108 log Medical
6. Time Study 115 115 TS
7. Employment 33 2 31 Budge t-3
s. Inspection UsU Mic-3
Forge and
U6
Plans-3
Die Constr. 10 S3 S37 200 Mic-3
Machine Con.
10. and Eepair 739 5SU 33 92 Mic-3
Pattern
11. Shop 173 173 Mic-3
1?. Marine 35 35 Engin.
13. Apprentices 212 218 Scho ol
Tungsten-
lU. Carhide 17 17 Engin.
15. Telephone 21 5 lb Engin,
Totals 3U22 2957 129 396
Percentage
85.3$^ ll;tof totals 100^;^ 3.7^
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The great contrast between Table XV and Table XVI is immediately ap-
parent. Whereas in Table X7 it was a rarity to find any sizeable niomber
in column (3), (nuinber figuring in decimals) in Table XVI, nearly every
department recorded their entire force in column (3). Conversely, column
(5) , (number not using decimals) , which was so greatly populated in Table
XV, whereas in Table XT! it is almost empty. This contrast is not unex-
pected in that this section of the Ford Motor Survey includes the brains
of the cjrgajiization. It is for these people to plan, calculate and ad-
ministrate. It is for Section I to do, not to think. One thing should
be carefully noted, however. Ford I lists a total of 13, 60'-^ persons
while Jord II includes only 3> ^Sg . There remains almost as many more as
have been already listed to be discussed in Ford IIJ.
Ford III — Non-Produetive Craftsmen and Unskilled Laborers
In this classification such occupations as construction men, trans-
portation workers, yard la.borers, fire and police employees, stock clerks,
salvagers, and power employees are listed. Here also are the cra.ftsmen:
C8.rpenters, plumbers, electricians, and blacksmiths. Also the unskilled
workers such as: sweepers, dockb&,nds, and general maintainance crews.
Table XVII to follow lists only S05 out of 15,226 as figuring in decimals
while at work. The corresponding percentage being 5»2^» These decimal
figorers are located in stock rooms and tool rooms, for as was noted on
page 195 stock room materials are figureci to ten thousandths.
For instance: a box of materials has a net weight of 1,890 pounds.
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and you know froa the stock sheet that this material weighs 29.7 po'onds
per 100 pieces. To figare the number of pieces in the box, one would di-
vide the 1,S90 pounds by the hundred weight of 29.7 pounds and get an an-
swer quoting the number of hundred pieces in t he box. A mere multiplica-
tion by 100 will reveal the number of pieces in the box. Or suppose that
we have a box weighing net 797 pounds, and we know that this stock comes
UU oieces to tne pound. Then a mpj.lt iplicat ion of the net weight, 737
pounds, by U4 will give the number of pieces in the pound. (As will be
noted, the latter illustration has no decimal figuring involved.)
Table X7II showing the divisions within Pord III now follows:
JO
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Table XYII Showing the Personnel and Amount of Decimal Knowledge
ITeeded at the Ford Motor Company — Pord III
(1) (2) (3) (5) (6)
"Hi CT ATI XM KJJud X Iri \JilH L/wA
of Totals Figuring Heading Not Using Decimal
Personnel Decimals Decimals Decimals Illust.
1. Power 959 3 956 Engin.
2. Maintainance 1596 U5 798 753 Mic-3
3. Dock Ui hi
k. Fire Dept. 22U 220 Budge t-3
5. Misc. 885
Shippin-5 &
6. Transport. 169s 16 1682 Budget-3
7. Salvage 507 3^ ^^73 Salv.-3
g. Sweepers 678 672
9. Yard Labor 31U
Sewing
10. Machine 75 75
^tock yx
dXOCA. XlOOlUS 1 Qhli Ol/OCK jj!
12. Construct. 2851 50 2801 Draft
13. Electrical 970 100 870 Elect.
260
otOCfC ^n.
lU. Tool Room 960 700 Stock 3P
Blacksmith &
15. Locomotive 239 33 206 Mic-3
Locomotive
16. Crane k2S U28
Carpenter
17. Shop 138 5 133 Budget-3
IS. Track 138 138
19. Welders 23U 8 226 IvIic-3
Totals 15226 8O5 1592 12823
Percentage
of totals 100?^ 5.2f. 10.5^ 8U.3^
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k quick: comparison of decimal usage in the three divisions of the .
Ford Motor Compa.ny is afforded by a study of the three following graphs
shov?ing in pictorial form the use of decimals in the three sections. The
colored portions are representative of the percentages figuring in deci-
mals, the speckled portion of those reading decimals, and the white por-
tion of the percentages having no occupational need for decimals whe-tso-
ever.
Fig. 13- Showing uses of decimals in Ford I 2.1^ figuring,
6.25^ reading, and 31, jfo having no occupational need for
decimals. (Productive Workers)
Fig. ik. Showing uses of decimals in Ford II — 85.3?« figuring,
3.7a' reading, and ll^i? having no occupational need for
decimals. (Non-Product ive, Professional)
Fig, 15. Showing uses of decimals in Ford III — 5»2}o figuring,
10.5/» res-d-ing, and SU.3^ having no occupational need for
decimals. (Non-Product ive
,
Craftsmen)
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Prom Tables XV, XVI, and XVII, the following comments seem reasonable:
1. The average productive worker in Ford I has no need for decimals
at his work.
2. The average non-productive professional or office wor'ier in Ford
II has great need for decimals at his work.
3. The average non-productive craftsmen or unskilled worker has no
need for decimals at his work whatsoever.
U, The Ford Motor Company makes greet use of decimals up to ten
thousandths in the production of its motor cars, but the average
worker only comes in contact with the same in an innocuous sense
— that is by using guages based on decimals or by operating
automatic guage machines.
5. The study of the Ford Motor Car with its construct ional precision
reveals decimals no greater than millionths, and those only on
such a restricted scale that average every day discussion of
them is not warranted on the basis of this survey.
From the data here submitted gathered Dt the Ford Motor Company to-
gether with the other investigations previously conducted, the following
conclusions concerning the use of decimals in the Machinery and Vehicle
Industries seem warranted:
1, Industries engaged in tte manufacturing of precision-guage pro-
ducts use decimals. Such decimals rarely exceed ten thousandths
as beyond that point, measurement is made at great expense.
2. The Machine and Vehicle Industries might well be characterized
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by the expression, precision-'built , and therefore demand a fair
proportion of their employees, approximately one-fifth according
to the survey, to possess knowledge (computational or reading)
of decimals.
3. The four investiga.tions made in this survey are, in the estiraa,-
tion of the writer, typical of the machine and vehicle industry,
therefore, it may be said that four-fifths or 80;« of the employees
of the precision built industries have no occupational need for
decimals.
J.
0.
/9t
i'
I
Section Seven — Metal Industries
Section Seven discusses the extent to which decimals were found to be
used in the Ketal Industries. Three industries were surveyed. The United
States Census lists 332,000 persons as engaged in these industries. This
survey includes 1,660 persons. The ratio of total persons engaged in
these industries to the number surveyed is therefore, 200:1.
Figure l6 summarizes pictorially the percentages of workers in those
industries figuring, reading, and not using decimals. The colored portion
of the greph represents the 25«^^ of the surveyed population who have oc-
cupational need of figuring in decimals. The speckled portion indicates
the 10.7^ who are called upon for a reading knowledge of decimals. The
white portion shows the 63.9^ who have no occupational need for decimals
whatsoever. Figure I6 follows:
Fig. 16. Showing uses of decimals in metal industries - 25*
figuring, 10. 7^* reading, and having no occupa-
tional need for decimals.
The industries surveyed were William C. Greene Company, Providence,
Ehode Island; Telechron Clock Company, Ashland, Massachusetts; and the
Blake Manufacturing Company
,
Clinton, Massachusetts. The numbers in
20. Lindberg, 0. M.
,
op. cit., page 32
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each of these siirveyed industries are shown in Table XVIII which follows:
Tahle XVIII Showin^^ the Agj^re>2:ated Personnel and Amount of
Decimal Knowledge Needed in the Three Investi^^ations
(1) (?) (3) (^) (5)
Name of Concern Number Number Number
Totals Figuring Reading Not Using
gorveyed Decimals Decimals Decimals
1. Wm. C. Greene Co. 117 13 9 95
2. Telechron Clock Co. I2U3 365 I69 709
3. Blake Manufacturing 300
Totals IbbO k22 IJS IO6O
Percentages of
Totals 100:;^ 25.^^ 10.75^ 63.9-^
Table XVIII is almost self esoDlanatory. Column (l) gives the names
of the surveyed industries. Column (2) totals the aggregated personnel in
each factory. Column (3) that number in each industry found to be figur-
ing in decimals while at work. Column (U) lists the number needing a
reading knowledge of decimals. Column (5) states the number having no
occupational need for decimals. Vertical totals for columns (2), (3), (^),
and (5) are given at the bottom of the table together with their corres-
ponding percentages.
The following are interesting comments on the data of Table XVIII
showing the aggregated personnel and amount of decimal knowledge needed
in the three investigations listed under this section:
1. The total percentage of workers in the metal industries fijguring
in decimals is in excess of 25-'o which when combined with II7C who
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read decimals constitute more than one-third of those emr)loyed.
This might well "be considered a sizeable minority.
2. The Telechron Clock Company required I69 of its workmen to read
decimals. Such usage is worthy of note and is explained more
fully on page I9I to follow.
3. The majority of employees in these three industries have no oc-
cupational need for decimals whatsoever.
U. The Telechron Clock Company reports a larger percentage figuring
in decimals than either of the other two companies.
Before making any general statements concerning the amount of deci-
mal usage actually discovered in these industries, a closer inspection of
two of these concerns is in order.
William C. G-reene Company
The William C. Greene Company is located on South Street in Providence
and is typical of the jewelry industry of Rhode Island. It produces high-
grade rings, pins, and brooches and caters to the higher priced retail
trade. Purchasing the finished metal plating or tubing, it stamps out
the various products, assembles, and finishes them. The dies used in pro-
duction are made by their staff of expert tool makers, and the gold dust
on the. floor is refined by means of a careful process and saved.
As is peculiar to the metal trades, all stock is stamped in decimals.
That is, a sheet of gold plating is twelve thoussjidths inches thick; a
certain tubular gold rod has a wall of ten thousandths thick. As might
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be expected, however, the handlers of this stock drop all reference to
thousaidths of inches and talk in terms of a gold plating being "twelve"
thick rather than twelve thousandths or a piece of tabing having a wall
often" rather than ten thoussndtha.
Table XIX to follow presents in detail the various departments of
this jewelry company and lists the employees according to their occupa-
tional need for decinials.
Table XIX Showing the Personnel and Amount of Deciinal Know-
ledge Heeded at the William C. Greene Company
(1) (2) (3) (5) (b)
Division Number Number Number Key to
of Totals Figuring Reading Not Using Decimals
Personnel Decimals Decimals Decimals Illust.
1. Press Handler 16 16
2. Stock Roller 2 2 Stock-3R
Tool maker 8 8 Mic-3
u. Assembly 25 25
5. Stone Cut 15 15
6. Finisher 18 18
7. Clerks 7 7 Stock-3R
8. Packing 20 20
9. Office 6
_S 1 Cost-3
Totals 117 13 9 95
Percentages
81.2^of totals 100^6 ll.l;b
Table XIX is read as follows: There are l6 press handlers in this

corapany and all l6 have no occupational need for decimals. Row 2 lists
2 stock rollers with iDoth of them needin.f; a reading Icnowled^e of decimals.
The type of decimal reading that they are engaged in in reported in full
on page 199 in Chapter Six. In like manner all the remaining rows are
read. In each case, column (6) containing the page heading in Chapter
Six, on which the explanation of the decimal usage encountered by the peo-
ple of that department is given in full. Thus, it is noted that in column
(6) although four listings are made, only three of them are distinct and
different - How 2 and 7 having the same usage.
The following comments may be made concerning the data of Table XIX:
1. Toolmakers and executive officers are called upon to figure in
decimals while the remaining workers in the company are excused
from such manipulation.
2. The reading knowledge of decimals required for stock rollers and
clerks is of doubtful nature as a few hours on the job produce
proficiency in this respect. No reference to decimals, as such,
is made by these employees.
3. No peculiar use of decimals is apparent from the illustrations
listed in Column (6) and explained in Chapter Six.
The Telechron Clock Company
The Telechron Clock Company of Ashland, Massachusetts, is a subsidiary
of the General Electric Company, is the producer of fine electric clocks.
One is indeed reminded of the poem concerning "G-randfather's Clock" when
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the lon^ assembly lines of various clock types are in view. Each clock
after being assembled, is run for twenty-four hours before final inspec-
tion is made. In addition tc the many regular clocks assembled here,
there is a special clock department where custom built clocks for foot-
ball stadiums, gymnasiums, and auditoriums are planned and built . The
large office force in this factory is accounted for by a very active time
study department as well as the a,aded bookkeeping necessary due to the
company's relationships with the General Electric Coicpany. The various
departments of this company together with their decimal usage is given in
Table XX which follows:
Table XX Showing the Personnel and Amount of Decimal Knowledge
Heeded at the Telechron Clock Company
(1) (2) (3) (^) (5) (6)
Division Number iJumber Numbe r Key to
of Totals Figuring Heading Not Using Decimal
Personnel Decimals Decimals Decimals Illust.
1. Special Clock 5 5 Mic-3
2. Motor Assembly 83 2 81 Mic-3
3. Machine Shop 1^3 h2 101 Plans-3
U. Auto Screw Mch 25 21 1^ Pla Plans-
3
Stock-3E
5. Punch Press 51 U2 6 • 3 Mic-3
6. Assembly 175 10 165 Plans-3
Stock-3R
7. Tool Room ik 13 1 Mic-3
8. Finishers 139 7 132 Plans-3
9. Coil Winding 79 1 Mic-3
Sub-totals 683 155 112 U16
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Table XX - cont. Telechron Clock Company
(1) (2) (3) (5) (6)
Division Number Nuii'iber *" Uill Uw i.
of Totals Figuring Reading Wot Using Decimal
Decimals Decimals Decimals Illust.
Sa'b-totals 682 155 112 ia6
10. Coil Winding 13 1 78 Mic—
3
11. Receiving 8 1 7 Stock-3R
12. Stock Eoom 35 9 26 Stock-3R
13« Inspection 151 C.C. QQjj
5U
Returned
15* Apparatus 2b 26
l6. Esperiinental 28 Eng.
Employee
17. Welfare 12 8 u Medical
18. Dispatchers 6 b Sched-3
19. Standards 11 5 1 TS
20. Executive 10 7 3 Cost-U
21. Purchasing 8 8 Ccst-U
cct xTouaction 17 3 Sched-3
23. Accounting 29 29 Cost-U
2U. Office Serv. 6
.
1 5 SB
25. Gen'l Admin. 5 5 Cost-4
26. Sales Uo 39 1 Discovmt
27. Clerical 8 8
28. E Billing 10 10 Cost-U
Office
29. Managers lU lU Cost-lJ-
Totals 12U3 365 169 709
Percentages
29.5+^Of Totals 100^ 13.6;^ 57^

Table XX is read in a fashion similar to Table XIX. That is, How 1
states that there are 5 persons in the special clock department, and that
all 5 fi-^ore in decimals. The type of decimal usage is related in full on
page 188 of Chapter Six. Eow 2 indicates 83 persons in the Motor Assembly
department with 2 of them figuring in decimals and the remaining 81 having
no occupational use for decimals. The type of usage encountered by study-
ing these two men is related on page 188 of Chapter Six and is, therefore,
identical with the usage as reoorted in Row 1.
The length of Table XX demands that certain explanatory comments be
made concerning it. These are as follows:
1. In the first If rows of the table, the number of decimal users
is quite low. Exceptions to that being in rows 1 (special clock
department), row U (automatic screw machine), row 5 (punch press),
row 7 (tool room), and row I6 (experimental).
2. In rows 18 - 29 inclusive, the picture is reversed, nearly every
department calling for most of its force to figure or read deci- '
mals. These are for the most pai't non-productive workjnen who are
engaged in office, clerical, or engineering services. The excep-
tion to the above statement is found in row 2h (office service).
3. A large number of the employees at the Telechron Corapany are re-
quired to figare in decimals, 30"^» These are engaged in reading
blue prints, micrometer calG\ilations, boss foreman work, time
study, engineering, accounting, and executing.
k. The time study prograjn calling for timirig to the tenth of an hour
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brings many workmen into the decimal figuring program while the
time study program set -op in terras of twelfths of an hour to be
later converted into decimal equivalents makes extvc demands on
the foreman's manipulative dexterity.
5. Nearly lU;o of the workers are decinaal readers. Knowing that this
reading is in terms of 'shop talk' rather than formal school drill,
it should be recognized that more efficient and meaningful work
could be acconrplished by those decimal readers who have some ap-
preciation of the decimal system.
6. It is interesting to note that the Union in charge of this closed
shop does not allow women to take over jobs where figuring in de-
cimals is involved. This is considered a 'man's Job' for which
a higher rate of pay is allowed. Therefore, the women do_ not
figure.
From the foregoing discussion of the use of decimals in the Metal
Industries, the following conclusions seem warranted;
1. A significant percentage, 23fo, of the employees in metal indus-
tries as listed in this survey figure in decimals.
2. A smaller percentage, 11/^, are required to read decimals up to
ten thousandths.
3. The majority, 6^^, are not required to have a knowledge of deci-
mals. *
4. A comparison of the first two-named investigations with the third
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— made another investigator — reveals little difference
results or conclusions.

Section Eight — Lumber and Farniture Industries
Section Eight discusses the extent to which decimals were found to be
used in the Lumber and Furniture industries. The United States Census
lists 863,000 persons as engaged in these industries. This survey in-
cludes 6^ persons. The ratio of total persons engaged in these industries
to the ntunber surveyed, is, therefore, 1,350:1.
Figure 17 summarizes pictorially the percentages of workers in these
industries figuring, reading, and not using decimals while at work. The
colored portion of the graph represents the 3*9^ who figure in decimals.
The speckled portion signifies the 0.5;« who have need for a reading know-
ledge of decimals while at work. The white portion indicates the remain-
ing 95*6^ who have no occupational need for decimals whatsoever.
Fig. 17. Showing uses of decimals in the 1-araber and furniture
industries - 3»9"^ figuring, 0»^fo reading, 95" 6^ having
no occupational need for decimals.
The industries surveyed were the Whitney Reed Con^jany, Leominster,
Massachusetts; Paul Saw Mills, Newmarket, New Hampshire; Clark Lumber
PI
Mills, Clark Mills, Maine; Buck Chair Company
,
Clinton, Massachusetts;
Baker Box Corapany^^, Worcester, Massachusetts; 0. S.. Cook Compajiy^^,
21. Lindberg, 0. M.
,
op. cit. page 29
22. Lindberg, 0. M.
,
op. cit. page 22
23. Lindberg, 0. M.
,
op. cit. page 2I+
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Fitchburg, Massachusetts; Ralph A. Preundlich Company^
,
Clinton, Massa-
chusetts. The numbers in each of these industries are shown in Table XXI
which follows:
Table XXI Showing the Aggregated Personnel a nd Amount of
Decimal Knowledge Needed in the Seven Investigations
(1) (2) (3) (1+) (5)
Name of Concern Ntunber Number Number
Totals Figuring Reading Not Using
Surveyed Decimals Decimals Decimals
1. Whitney Reed Co, 31 1 1 29
2, Paul Saw Mills 23 23
3. Clark L\imber Co. 82 2 80
K Buck: Chair Co. 65 2 63
5. Baker Box Co. 50. 6
6. 0. S. Cook Co. 2h 1 23
7. Freundlich Co. 36s 350
Totals • 6lK) 25 3 612
Percentages
95.6^of totals 100-;^ 3.9^ .5'^
Table XXI is read in a fashion similar to Table XVIII (page 85 ).
Column (1) lists the seven investigations, column (2) gives the aggregated
personnel in each industry, and the remaining columns divide the personnel
into their va.rious decimal usage classifications. Vertical totals and per-
centages are given at the foot of the table.
2U. Lindberg, 0. M,
,
op, cit., page 28
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The following comments seem pertinent to the discussion of the data
in Table XXI;
1. The percentages of employees called uDOn to figure in decimals
would be zero, if the office force of these companies was over-
looked. To illustrate, rows (2) and (3) list two investigations
which report no one figuring in decimals. These were two saw
mills which kept no office force, therefore, no one figared in
decimals.
2. The percentage of employees called upon to read decimals in the
liunber and furniture industries is negligible. This is caused
by the use of fractional rather than decimal terms in these trades
or occupations. Measurement is made in terms of the foot, yard,
inch and their fractional parts. For such measurements a steel
tape, yard stick, market stick or foot rule is used. Decimally
divided measure are in rare use. In the cutting of logs a stan-
dard length in terms of feet is prescribed, and thickness is
quoted in terras of inches, feet, or their fractional parts.
3. Nearly the entire surveyed population is classified under column
(U) as Non-users.
U, The only peculiar use of decimals to be noted in this entire sec-
tion is in connection with the Seaver Footage Estimator in use
at the Baker Box Corapany'^5,
25. Lindberg, 0. M.
,
op. cit., page 6^
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The great lack of decimals in these investigations causes us to ne-
glect a detailed study of the concerns mentioned as such study would con-
tribute nothing to the story of Decimal Usage, therefore, the following
conclusions concerning the use of decimals in the Lumber and Furniture
Industries seem warranted:
1. If the seven industries surveyed in this section are typical of
the lumber and furniture industry in general, and it is the belief
of the writer that they are, then nearly all (S^,S%) of those em-
ployed have no occupational need for decimals whatsoever.
2. There is a similar lack of demand for a reading knowledge of
decimals.
3- With the exception of executives and office workers, no one in
the lumber and furniture industries is called upon to fig-are in
decimals.
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Section Nine — Paper Industries
Section Nine discusses the extent to which decimals were found to "be
used in the paper industries. Three industries v;ere surveyed. The United
States Census lists 7^2,000 persons as engaged in paper industries through-
out the country. This survey includes 895 persons. The ratio of the total
persons engaged in these industries to the surveyed population is, there-
fore, 875:1.
rig\ire 18 presents pictorially the percentages of workers in these
surveyed industries figuring, reading and not using decimals while at work.
The colored portion indicates the who figure in decimals while at work.
The speckled ijortion reioresents the who need a reading knowledge of
decimals. The white portion signifies the remaining 31*Sy who have no
occupational need for decimals.
Fig, IS. Showing uses of decimals in paper industries - h,0'fo
figuring, h,l4 reading, and S^»3f<> having no occupa-
tional need for decimals.
The industries surveyed were the Telegram-Gazette Company, Worcester,
Massachusetts; American Bare tist Publication Society, Philadelphia, Penn,
;
and the E. "S. Miles Company'^", L?vncaster, Massachusetts. The numbers in
26. Lindherg, 0. M,
,
op. cit,, page 33

each of these surveys are divided according to their decimal usage and
compiled for summary discussion in Table XXII which follows:
Table XXII Showing; the Mgreji^ated Personnel and Amount of
Decimal Knowledge Needed in the Three Investigations
(1) (2) (3) (h) (5)
Name of Concern Number Number Number
Totals Figuring Heading Not Using
Surveyed Decimals De c imals Decimals
1. Telegram-G-azette 711 27
,
2S 656
American Baptist
2. Publication Society 98 6 3 23
3. E. S. Miles Company 86
_J
Totals S95 36 37 S95
Percentages
of totals 100^ 91.9^
Table XXII is read as follows: Row 1 lists the Telegram-Gazette
Company with a total of 711 persons with 27 persons figuring in decimals,
28 persons needing a reading knowledge of decimals, and 656 who have no
occupational need for decimals. In similar fashion, the personnel of the
other two companies is divided as to their decimal usage. Totals for
columns (2), (3). (^). ^t^^ (5) are provided at the foot of the table to-
gether with their corresponding percentages.
The following are interesting comments on the data in Table XXII
showing the aggregated personnel and the amount of decimal knowledge
needed in the three investigations listed in Section Nine.
1, The total percentage of workers in the Paper Industry figuring in
decimals nearly eauals the total needing a reading knowledge of
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decimals.
2. The difference in size of the companies surveyed has little
bearing on the results of the survey. That is 27 out of 71
1
in the Worcester Telegram-Gazette Company fifi:are in decinials
while 3 o-J-t of 86 at the E. 3. Mile s Company figure in decimals.
3. The vast majority of workers in all three surveyed concerns have
no occupational need for decimals whatsoever.
U. There is a need for employees having a reading knowledge of de-
cimals in the printing concerns surveyed. 7?hether these men
read decimals as hundredths, thousandths, etc. or whether they
merely copy the decimal shown from the copy onto the printed
page is a matter of conjecture and probahly varies from person
to person.
Before making, however, any general statements concerning the use of
decimals in the paper industry, a closer inspection of the data gathered
from the first two of the surveyed industries will he made.
The Telegram-Gazette Company
Serving the heart of central New England, the Worcester Telegram and
Evening Gazette provide morning and evening news service to more than
75*000 homes. At present its paid circulation is in excess of 127,000
with nearly 87*000 papers ordered and delivered to the readers' homes
daily. Its connection with the Associated Press, International News Ser-
vice, and United Press assures its readers of up-to-the-minute news from
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all parts of the globe. In addition to its news service, it maintains a
radio station, W T A G-, which is a basic red-network station of the Na-
tional Broadcasting Company. The personnel of this company is readily
classified into ten divisions which, when studied for the amount of decimal
usage therein, gives a tabular pict'ore similar to that shown in Table XKIII
which follows:
Table XXIII Shovifing the Personnel and Amoxint of Decimal Know-
ledge Needed at the Telegram-Gazette Company
(1) (2) (3) (H) (5) (6)
Division Number Number Number Key to
of Totals Figuring Reading Not Using Decimal
Personnel jjecimaxs T 1 1 n e +X i.i.USX .
Administrative Cost-H
X • and "Editorial 19 U a;o AUU-gc: 1<—
_P
News sjid Reg.
2. Correspond. 199 1 198 Budget-3
Spec. Feat.
3. and Art 31 31
h. Composing 155 1 15U Budget-3
Stereotype
5. and Press SO 2 78 Badget-3
Advertising &
6. Promotional 6U 3 2 59 Space-3
Cost-U
7. Office 28 10 8 10 Space-3
Shipping and
62
Cost-U
3. Commercia.1 72
'
6 Space-3
9. Miscellaneous 35 35
10. Proof Readers 28 _2U Sport s-3
Total 711 27 28 G56
Percentages
of totals 100^ 3.8^ 3.8;« 92.^
Table XXIII is read as follows: Row 1 indicates that in the Adminis-

trative and Editorial department there are I3 persons, 6 of whom are
called upon to fi^re in decimals while at work, 8 of whom must possess
a reading knowledge of decimals, and 5 of whom are excused from any de-
cimal manipulation or reading while at work. Those who do fig-ore and
read decimals are husy in computing costs to four decimal places (column
(6) noting Cost-U) and Budget figures to three decimal places (column (6)
also listing Budget- 3) • A clearer idea of the extent of decimal usage
herein referred to may be found by looking in Chapter Six on pages 181
and 178 wherein the previously mentioned decimal work is completely ex-
plained. In like manner, row 2 takes up the personnel in the News and
Regular Correspondents Division listing only 1 as a decimal figarer, and
the remaining 198 as decimal non-users. The one case of decimal usage
here, according to column (6), is found in Chapter Six on page 178 where
the usage as listed in Eow 1 is found. A graphic picture of the data
gathered at the Worcester TelegrajH-Sazette Company follows in Figure 19:
Fig. 19. Showing uses of decimals at the Telegram-Gazette Com-
pany - 3»S^ figuring, 3»2/^ reading, and having
no occupational need for decimals.
Certain comments and explanations concerning the data in Table XXIII
now follows:
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1, The percentages of those figuring and reading decimals at the
Telegrain-G-azette Company are equal,
2, Col-umn (6) in this Table XXIII shows the decimal usage at the
company to he limited to Cost Analysis, Budget requirements,
sporting column percentages, and space allotments,
3, The frequently voiced opinion that proof readers must be well
acquainted with decimal calculations is not proven by the data
in Row 10 which lists none of the 28 proof readers as decimal
figurers and only ^ of them as decimal readers,
U. The need for composers, type setters and linotype operators to
read decimals is not substantiated by the evidence in Row 6
which lists only the department foreman as a decimal figurer
and the remaining 15^ as decimal non-users. Any typewriter op-
erator would certainly agree to such findings in that meaning is
not necessary for l-ceyboard manipulation when cooy work is before
you. Automat i city rather than thought and reflection is the
secret of success in this art,
5. The average employee in the advertising department is not con-
cerned with decimal figuring. Advertising rates are quoted in
terras of dollars and cents, and contracts are written over a
long-terra period.
American Baptist Publication Society
The American Baptist Pablication Society of Philadelphia, Pennsylvania

is the official publication house for the Baptist churches affiliated
with the Northern Baptist Convention. Its presses produce Bibles, re-
ligious tracts, Sunday School booklets and periodicals, hymn books, and
sundry weekly and monthly publications. The self-sufficiency of this
printing house is to be noted in its engineering force, electrotype
foxmdry, press room and bindery. No operation has to be sub-contracted.
The entire printing story can be accomplished here. A division of the
personnel of this company as to their decimal usa^e is graphically noted
in Figure 20 which follows:
Fig. 20. Showing uses of decimals at the American Baptist
Publication Society - 6.1;?^ figuring, 3«li^ reading,
SU. 7^ not using decimals while at work.
Detailed examination of the different departments in this company
show 9 departments with a total of 6 persons figuring in decimals. These
are found in the office, engineering department, and stock room. The de-
cimal readers, 9 persons, are employed in the stock room and in the ship-
ping department. The latter department demanding decimal reading of rates
as quoted in the Philadelphia Shippers Ouide of Comparative Rates . ^"^ The
remaining employees in this company have no occupational need for decinals
whatsoever. They include pressmen, binders, composers, foundry workers,
27. Philadelphia Shippers 'juide of Comparative Rates . Lawrence Todd Co.,
Philadelphia, Pa., 1937
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service men, and shipping clerks. The detailed departmental presentation
is made in Table XXIY which follows:
Table XXIV Showing the Personnel and Amount of Decimal Knowledge
Needed at the American Baptist Publication Society
(1) (2) (3) W (5) (6)
Division
of
Personnel
Totals
Number
Figuring
Decimals
Number
Reading
Decimals
Number
Not Using
Decimals
Key CO
Dec imal
Illust.
1. Office 3 2 1 SS; cost-U
2. Engineers 5 1 1+ Eng. Cap.
3.
u.
Composers
Slectrotvpe
Foundry
2h
k
2\
U
Press Eoora 16 16
6. Bindery 15 15
7. Service 5 5
2. Stock Eoom 11 3 5 3 Cost-3
9. Shipping
-1^
Totals
Percentages
of totals lOOfo
6
6.1^
9
9.2^^
From the foregoing discussion of the use of decimals in the paper in-
dustry together with the accompanying tables and graphs, the following
conclusions are drawn:
1. The three surveyed concerns being typical of the paper industry,
and it is the belief of the investigator that they so are, the
number of employees called upon to figure in decimals constitutes
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of the population.
fcr each person figuring in decimals, there is another person
who needs a reading knowledge of decimals.
Nev.' deciiral usage is noted under the heading, Space-3t and
Sport s-3 introduces a new decimal usage from the reading
only point of view.
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Section Ten — Leather Industries
Section Ten discusses the extent to v/hich decimals were found to be
needed in the Leather Industries. Two industries were surveyed. The
United States Census lists 37^»000 persons as engaged in these industries.
This survey includes 1,125 persons. The ratio of the total persons en-
gaged in these industries to the nucter surveyed is, therefore, 33?il»
Figure 21 summarizes pictorially the percentages of workers in these
industries figuring, reading, and not using decimals. The colored portion
of the graph represents the l.S;! who are called upon to figure in decimals
while the white portion is indicative of the remaining 9S.2^ who have no
occupational need for decimals whatsoever.
Fig. 21. Showing uses of decimals in leather industries -
1.8^ figuring, 93.2/9 having no occupational need
for decimals whatsoever.
The industries surveyed were the H. H. Brown Shoe Corapany^^, Worces-
ter, Massachusetts and the Mitchel Maksick Company"^ Clinton, Massachu-
setts. The numbers in each of these s"arveyed industries are shown in
Table XXV which follows:
28. Lindberg, 0. M.
,
op. cit., page 21
29. Lindberg, 0. M. , op. cit., page 3I
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Table XXV Showirii^ the Ag;f;regat8d Personnel and Amo'ant of
Decimal Knowledge Needed in the Two Iiive£tiff:ations
(1)
Name of Concern
Surveyed
(2)
Totals
(3)
Number
Figuring
Decimals
Number
Reading
Decimals
(5)
Number
Not Using
Decimals
1. H. H. Brown Shoe Co. 895 15 SGO
2. Mitchell Maksick Co. 2^70
_^ 2U5
Totals 1125 20 1105
Percentages
of totals 1004 3Z,2i
Table XXV is almost self-explanatory. Column (l) listc the two
surveyed industries. Column (2) gives the aggregated personnel for each
industry. Column (3) shows the total number in each industry found to be
figaring in decimals while at work. Column (h) indicates the total num-
ber in each factory who are required to read decimals at their work,
Colmn (5) states the total number in each plant who have no occupational
need for decimals. Vertical totals for the col-orans numbered (2), (3), (^0
and (5) are given at the bottom of the table together with their correla-
tive percentages.
It should be noted at this point the remarkable similarity between
the findings in these two companies. The number figuring decimals at the
H. H. Brown Company is three times the number figuring decimals at the
Mitchel Maksick Company. The total number employed in the former company
is between three and four times as large as the total in the latter com-
pany. This remarkable similarity in resxilts is further accentuated by the
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fact that neither company demands any of its employees to have a reading
knowledge of decimals.
This one to one correspondence together with the relatively small
n'omter of persons engaged in leather working industries prompted the pre-
sent surveyor to discontinue further research in this section and to rely
solely on the previously reported results of another investigator. The
previous report^^ noted decimal usage on the part of less than of the
employees in either company as well as signifying that such usage occurred
only in the office* departments in the case of payrolls, social security,
and cost accounting.
From these previous results, the following concltisions seem warranted
concerning the usage of decimals in the Leather Industry:
1, A very small minority of employees in these industries are called
upon to figure in decimals. These are men of executive and cle-
rical ability. Persons well trained "by higher institutions of
learning.
2. The average workmen is a craftsman whose figuring decimals are
few, if any. Work is paid for hy the piece thus figuring is
confined to whole numbers and dollars and cents.
30. Lindberg, 0. M. , op. cit.
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Section Eleven — Mlecellaneous Ivlatiufacturlni-q:
Section Eleven discusses the extent to which decimals were found to
be used in Miscellaneous Manufacturing. The United States Census lists
2,101,000 persons as engaged in these industries. This survey includes
lli^S3 persons. The ratio of total persons employed in these industries
to the number surveyed is, therefore, 18"^'. 1»
Figure 22 summarizes pictorially the percentages of workers in these
industries figuring, reading, and not using decimals. The colored por-
tion of the graph represents the 33«05 o^" the surveyed population who
have occupational need for figuring decimals. The speckled portion in-
dicates the 39 • 2^ who are called upon to have a reading knowledge of de-
cimals. The white portion of the graph shows the 27.6^ who have no occu-
pational need for decimals whatsoever. Figure 22 follows:
Pig. 22. Showing the uses of decimals in miscellaneous manu-
facturing industries - 33*0^ fig-oring, 39»2^^ reading,
and 27.6^ having no occupational need for decimals.
The industries surveyed were the Brown & Sharpe Manufacturing Company,
Providence, Rhode Island; Heald Machine Company, Worcester, Massachusetts;
A Power Company (situation unnamed); Davol Rubber Company, Providence,
Rhode Island; Coron Tire Company, Providence, Rhode Island; Leland Gifford
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Company^^, Worcester, Massachusetts; Norton Company^^^ Worcester, Massa-
chusetts; Garden City Fan Corapany^^, Uiles, Michigan. The n-umhers in
each of these surveyed industries together with a summary of the decimal
knowledge needed hy their personnel is shown in Table XX7I which follows:
Table XXVI Showing the Aggregated Personnel and Amo-ant of
Decimal Knov^ledge Needed in the Eight Investigations
(1) (2) (3) (^) (5)
Najne of Concern Number Number Number
Surveyed
Totals Figuring
Decimals
Heading
Decimals
Not Using
Decimals
1. Brown & Sharpe Co. 32S7 2520 385 3S2
2. Heald Machine Co, 2022 Uoi 115^ U67
3. Power Company lUOO 163 90 IIU7
u. Davol Rubber Co. 652 ks 30 573
5. Coron Tire Company 9 2 2 5
6. Leland Gifford Co. 560 20 250 290
7. Norton Company 3510 639 2571 300
s. Garden City Fan Co. 5U 23
Totals
Percentages
of totals
11U93
1005^
3S17
33^
U503
39.¥
3163
27.6^
Table XXVI is almost self explanatory. Column (l) lists the eight
surveyed industries. Column (2) gives the aggregated employment for each
industry. Column (3) states the number in ea.ch industry called upon to
31. Lindberg, 0. M. , op. cit. , page ?3
32. Lindberg, 0. M. , op. cit. page I5
33. Lindberg, 0. M, , op. cit. page 37
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fi^re in decimals while at work. Col-umn (U) lists the total in each fac-
tory needing a reading knowledge onlv of decimals, Colvunn (5) ffives the
nutnher not using decimals. Vertical totals for columns (2), (3), (^), and
(5) s-re given at the foot of the table together with their corresponding
percentages. Thus, the tahle is read; Row 1 - Broiim and Sharpe Manufac-
turying Company employs 2,^20 persons who figure in decimals, 3^5 who read
decimals, and 3^2 who have no occupational need for decimals, thus giving
a total employment on the date of s^orvey of 3»287. The remaining seven
rows are read in a similar fashion.
The following are interesting comments on the data of Tahle XXVI:
1. The companies herein discussed are, for the most part, decimal
using industries. That is, with the exception of the Power Com-
pany and the Davol Ruhher Company.
2. A goodly portion of the decimal-using companies' employees are
decimal figurers as well as decimal readers.
3. A great many of those employed in the machine tool industries
(Brown & Sharpe, Heald Machine, Leland Gifford, and Norton Com-
pany) are called upon to have a reading knowledge of decinals.
U. The industries herein listed should "be given careful considera-
tion in this dissertation due to the high amount of decimal usage
listed in Table XXVI.
In accordance with the item above, directly above, the remaining pages
of this section will be devoted to an analysis of the decimal usage invol-
ved in the first five of the listed companies.
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Brown and Sharpe Manufacturing Company
The Brown and Sharpe Manufacturing Company is located just west of
the Capitol Building in downtown Providence. Its brick "buildings cover
acres of land on the "banks of the old Providence River, and within its
walls are manufactured some of the finest precision gauge instruments
known to man. Its products daring these war days are in demand over the
entire country. The data for this survey having "been collected just prior
to this present emergency makes it a normal rather than an abnormal pic-
ture of this small-tool industry and allows its results to appear in
writing.
A glance at Table XXVII (page 115) will show that a great percentage
of both the productive and non-productive workers are decimal users. This
is brought about by the fact that the productive workmen at Brown and Sharpe
Manufacturing Company are not only constantly reading blue prints in which
tolerances are allowed to three decimal pla.ces, but even the workman's pay
is computed on a decimal basis by the time stud;/" department. This latter
reason is the cause for many of the employees of this company to be deci-
mal figurers. The wage plan is entitled the Wa.;;e Incentive Plan and is,
in reality, a most intricate modification of the old 'piece work idea'.
The Brown and Sharpe version is as follows:
1. Each workman is given a rcte of 'h per hour depending on his
worth at time of employment.
2. Each job in the plant, with the exception of sweepers, general
maintenance, and executive force, is timed in terms of thou-

sandths of an hour.
3. The nura'ber of times an employee is able to perfornj a given
operation or group of operations in a day is noted.
To illustrate with an actual case:
Mr. Erickson receives an order card on Monday morning for 3^
.
His order care allovrs hiii 2.100 hours to <?et his
milling machine ready for operation (called "by the card, 'set-
up time')* It also allows him .UUo hours for the milling of
each of the 3^-+ pieces. This gives him a grand total of I7.O0O
hours for the complete job.
Erickson takes the accorapan;/ing blue print — sets up his ma-
chine according to specifications and be^^ins the milling of
his order. At the end of the day, as he expected, the order
was not finished, therefore, on T^aesday he again began on the
operation. By noontime on Tuesday he had completed the order.
According to the order card, he had been allowed I7.06O hours,
but in reality he had only taken 12.500 hours.
What then, of his pay for this Job? At ^ per hour, is he
paid for the 12.500 hours or the eipected time of I7.0G0 hours?
According to Wage Incentive Plan, he is paic for the I7.O6O
hours, therefore, making 13^ P^'f ^or that day and one-half.
Bach workman is accounted for on the basis of his percentage, and
the corapajiy expects its men to be at least on the lOO/o line after their
period of apprenticeship is over - an^,^ serious falling below that line
is cause for transfer or dismissal.
Thus it can be seen that many persons at this company are figurers
in decimals for that far greater need of knowing how much the pay check
should be each week] The exact distribution of employees of the Erown
and She.rpe Company according to their departments and decimal usage now
follows:
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Table XXVII Showing; the Personnel and Amount of Decimal
Knovled.g:e Needed at the BrovtH and Sharpe Company
(1)
Division
of
Personnel
(2)
Totals
(3)
Number
Figuring
Decimals
(^)
Number
Reading
Decimals
(5)
Number
Not Using
Decimals
(6)
Key to
Decimal
Illust.
Drafting and Draft.
1. Engineering 166 153 13 Engine
,
General Stock-3F
2, Office 33 6o 33 TK; Cost-U
3. Sales 152 U8 lOU Disco-ont
u. Purchasing 10 2 8 Discount
Traffic 3 3
6. Billing 27 27 Discount
Mic-3
7. Manufact
.
23'^6 2227 227 382 Pay-3
Totals 3287 2517 388 382
Percentage
of totals 100^ 77^ 11.5^ 11.5f«
Table XX7II is read as follows: How 1 discusses those employed in the
engineering department listing a total for the department of 1d6, 153 of
which are listed in column (3) as figuring in decimals. The remaining
13 in this department are classified as reading decimals and are placed
in column (U). Col-oran (6) explains the type of decimal usage used by these
persons by referring the reader to two pages in Chapter Six (page 183 and
ISU) whereon the exact nature of the decimal usage is presented in detail.
The decimal needs for the remaining departments are read in a similar
fashion. Totals for columns (2), (3), (U) , and (5) are given at the foot
of the table together with the corresponding percentages.
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Qjiestion might made after readin,? this table of the type of decimal
reading enco-ontered at this company where nearly l?f« of the employees do
not fi^re in decimals are caused to read them. This usa^e is caused "by
those persons who come in contact with the wage incentive plan slips but
do not figure in them together with those men who use blue prints but are
not on the wage incentive plan. Fnether or not the latter are decimal
readers is open to serious question. Decimals at the Brown and Sharpe
Company are as much a "tool of trade" as a carpenter's hammer. Men dis-
cuss decimals in this fashion.
"Joe - give her a tolerance of 5" would mean "Joe - allow a tolerance
of .005 in milling that piece".
The word, thousandths never is mentioned and furthermore no decimals
other than thousandths are ever written or discussed in this companj''. All
tolerances are expressed in thousandths, all jobs are quoted by the Wage
Incentive Plan in thousandths, all hours of work are quoted in thousandths.
It is an understood thing. However, for the sake of scholasticism, these
men read decimals.
The question might also be raised as to whether or not the percentages
of those figaring, reading, and not using decimals would be seriously af-
fected if the Wage Incentive Plan was abolished. The following graphs
have been provided to contrast the amount of decimal knowledge with and
without the Wage Incentive Plan:
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WITH TEE WAGE INCEITTIVE PLAIT
Fig. 23. Showing uses of decimals at the Brown and Sharpe
Company - Tijj figuring, 11.5^ reading, 11.5^ not
using decimals at work.
WITHOUT THE WAG-S INCENTIVE PLAIT
Fig. 2U, Showing uses of decimals at the Brown and Sharpe
Company - 57»5!'^ figuring, 11.5/*' reading, yi^jo not
usin^: decimals at work.
From the foregoing discussion of the use of decimals at the Brown
and Sharpe Company, the following conclusions seem warranted:
1. Great demand for fig.iring in decimals is made of the personnel
at this company.
2. A reading knowledge only of decimals is required of 11.5^ of the
personnel, thus increasing the decimal users to over 38;L
3. Those who have no occupational need for decimals in this company
are in the minority.
U. A peculiar use of decimals is recounted in the Wage Incentive Plan,
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The Heald Machine Company
The Heald Machine Company of Worcester, Massachusetts is located on
the northerly side of Worcester and on ground adjacent to the Norton Com-
pany. Both of these concerns are now on twenty-four hour days due to the
heavy demands placed upon them "by the defense requirements of our country.
The data submitted in Table XKVIII is purposely abbreviated so that no
description of departments and their relative sizes is released. The
investij^ation, however, was conducted prior to abnormal conditions now
prevalent, and the percentages computed are considered representative of
this industry.
Table XXVII I Showing the Personnel and Amount of Decimal
Knovdedge Needed at the Heald Machine CoTiii^any
(1) (2) (3) (5) (6)
Division Number Number Number Key to
of Totals Figuring Eead.ing Not Using Decimal
Personnel Decimals Decimals Decimals Illust.
1. Purchasing 20 2 18 Cost-U
2. Accounting 12 6 6 Cost-U
3. Office ^3 35 6 2 Cost-1;
K Advertising 5 5
5. Painting 71 1 70 Budge t-3
Stock-31'
6. Tool Crib 30 15 10 5 Stock-3H
7. Maintenance 86 7 79 Mic-3
Misc. Draft
.
8. Non-Product 1+33 31 370 32 Engine.
9. Miscell, 150 150
10. Manufact. 1172 30U 762 106 Hic-3
Totals 2022 Uoi 1154 Ub7
Percentage
of totals 100^ 19.6^ 57. 55^ 22.95^
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Tatle XXVIII is read as follows: How 1 gives the data for the Pur-
chasing department. Of the 20 persons employed in this department, 2 are
classified in colomn (3) as figxiring in decimals while at work while the
remaining IS have no occupational need for decimals whatsoever. The two
involved are, according to column (6), using decimals to figure costs to
four places. The complete illustration is given on page ISl of Chapter
Six.
As Table ZSVIII shows, the majority of employees in this machine shop
are decimal readers and figurers, the combined percentage being over 75;^»
This demand is readily explained in the light of the character of the worta
accomplished. Each machine manufactured is different in nature, thus ma-
chinists, assemblers, etc. are constantly referring to blue prints. In
the course of a single day, one man might read anywhere from two to twenty
blue prints, each with its maze of figures, fractional and decimal in na-
ture. The figuring done after the reading comes in the setting up of the
machine, and the milling of the piece to certain specifications, tolerances
in milling being quoted to thousandths and sometimes to ten thousandths.
Prominent among the departments requiring a 'Knowledge of decimals (reading
and figuring) were: boromatic engineering, grinding engineering, tool en-
gineering, grinding room, planing room, small unit assembly line, machine
assembly line, wheel assembly line, screw machine, planing, drilling, thread
cutting, precision ga\ige inspection, sales engineering, methods, and execu-
tive. Indeed, were it not for the fact that only certain men in each de-
partment were allowed to set up machines, the number of men figuring in
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decimals woxxld have been doubled or trebled, as it is, the first class
machinists set xi:p all machinery and the other men only read decimals in
checking their tolera-nces. Some such readings with their accompanying
tolerances are:
a steel shaft 15.^^10 inches long with a tolerance of .005, plus
or minus.
a rod diameter 1.6?5 with a plus or minus .003 tolerance.
a diameter originally 3»3^d to he groiind dovm to 3»3^0 with a
tolerance of plus or minus ,002.
Seme of the departments in which little decimal figuring occurred
were: electrical maintenance, run-off, transportation, paint shop, black-
smith shop, stock room, shipping department, tool room, parts stock room,
polishing, cafeteria, and shipping.
The wage payment plan used at the Heald Machine Company is comparable
to that of the Brown and Sharp e Company, (page llU ff) , in that the em-
ployees are given a stated time in which to set up the machine and mill
the pieces, but differs in that all quotp-tions are based on tenths of an
hour, and even cents. The hourly rate being quoted for setting up the
machine, and the even cents quoted for the pieces milled. To illustrate:
Mr. Jones, a grinder, is paid at the rate of 20(# per hour. On
Tuesday morning he is ordered to set up his grinding machine to
mill 100 pieces of steel according to the accompanying specifi-
cations. He is allowed 1 hour to set up the machine, and 2r for
each piece ground.
This means 80-* for .setting up the machine, sad $2,00 for the
grinding operation, or a total of $2.80, He takes only 3 hours,
or $2.Uo worth of time - his pay being SOi per hour. This ho^
differential between actoal and estimated time is divided equally
between the company a.nd Mr. Jones.
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Thus, it is noted that this company uses a wage incentive plan which calls
for less decimal calculation than the wage incentive plan at the Brown and
Sharpe Company.
Prom the foregoing discussion, certain conclusions are stated: "
1. The vast majority of the personnel in the Heald Machine Company
are decimal users.
2. More employees read decimals than figure with them while at work,
the ratio heing 3^1*
3. About one-fourth of the employees have no need for decimals what-
soever while at work.
U. The need for reading blue prints, and checking manufactured ar-
ticles with micrometers leads to the deciaialization of the
Heald Machine Company.
5. No new usage of decimals was reported.
An Electric Power Company
The anonymous title listed above is made at the demand of the company's
officials. No data would have been released had the company' s name been
made public. This power company is located in New England and is a sub-
sidiary of the New England- Power Company.
It generates electricity from oil and coal burning turbines. It ser-
vices one of New England's cities. (The investigation herein recorded was
made after the start of World War II and is, therefore, limited in the ex-
tent to which information can be recorded in print. The investigator,
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however, conducted this survey accordir^ to the custoraary personal-indus-
trial-survey technique, and considers the data in its ahhreviated form as
authentic as any other reported survey.) The division of personnel ac-
cording to its decimal usa^e follows in Table XXIX and reveals the hulk
of such usa^e to be in the research, accounting, special sales, and main-
tenance departments. (Those employed in line maintenance work, hilling
and bookkeeping, meter service, bill distribution, and boiler tending
have no occupational need for decimals whe^tsoever. The ase of Interna-
tional Business Machines reduces the arithmetical computation of billers
and bookkeepers to a minimum and allows for the reduction in personnel to
10^ of its usual size.
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Table XXIX Showing the Persoanel and Amcunt of Decimal
Knowled/r^e Jgeeded at the Ele ctric Power Comoany
(1) (2) (3) (5) (6)
Division Number Number Number Key to
of Totals Figuring Reading Not Usin^r Decimal
Personnel Decimals Decimals Dec iiaals must.
1. Administ. 20 10 10 Cost-li
2. Power Sales 20 20 Cost-U
Engine
3. Engineering 36 36 Draft
U. Research 20 20 Chem-3
5. Accounting UO 32 S Cost-U
6. Pleet Maint. 10 s 2 Auto
Substation Eng. Cap,
7. Operation 113 ^3 62 S Mic-3
Overhead Lines
s. & Underground 328 328
Meter Ser-
9. vice etc. 28h 28U
Billing end
10. Bookkeeping S6 86
11. Misc. Sales 2k 2 22
Transit
12. Survey- 2 2 Engine
13. Tender Boiler 79 79
lU. Miscellaneous 3Ub 3U0
Totals lUoo 163 30 11U7
Percentage
of totals 100^ 11. 6^^ 82$^
Table XXIX is read in a fashion similar to Table XXYIII in that all
the departments are listed in column (l). Column (2) gives the totals for
each department. Columns (3), (U), and (5) divide these totals into thoee
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who figure, read, and do not use decimals. Column (6) lists the tyoe of
decimal usage predominantly encountered in each department. Vertical to-
tals are given at the foot of the tatle together with their corresponding
percentages.
From the foregoing discussion of the use of decimals at the power
company, the following concluding statements seem warranted:
1. Aside from the administrative and research branches of this
company, the use of decimals is negligible.
2. Those employees needing a reading knowledge of decima.ls are
mostly located in the substation operation department where
gauges axe expressed in decimals.
3. The vast majority of the employees in this power company (S2fo)
have no occupational need for decimals whatsoever.
k. No peculiar use of decimals is apparent,
Tavol Rubber Company
The Davol Rubber Company is located on the south of Providence's
business district with its large brick buildings facing the busy Point
Street Bridge Area. From every approach to this large bridge, over
which thousands of cars pass daily, can be seen the large billboards of
the Davol Rubber Company advertising their fajmous anti-colic nipples
and special surgical rubber goods. This company is known the co-ontry
over as the producer of the best in surgical and medics! rubber acces-
sories. It is a most fascinating sight to observe the production of
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sheets of rubber followed by the mass production of hundreds of hot water
bottles and thousands of nipples at every turn of the hand. The molds -
into which the rubber is placed are of the fine.st variety thus assuring
that no rubber will stick to the mold when the pressure and heat are
applied.
Table XXX Bhows the personnel and amo-unt of decimal knowledge needed
at the Davol Rubber Company. A study of this table will reveal that such
departments as executive, chemical, planning and accounting are lOO^w de-
cimal users, while the main productive workers have little or no need
for decimals whatsoever. The sheet rubber producer, the molder, the
cutter, and packer are producers of rubber goods rather than figurers
in decimals. Table XXX follows:
Table XXX Showing the Personnel and Amount of Decimal
Knowledge Needed at the Davol Rubber Com'oa.ny
Division Nvimber Humber Number Key to
of Totals Figuring Reading Not Using Decimal
Personnel Decimals Decimals Decimals Illust.
Cost-U
1. Administrat. 10 10 Porm-i4-
2, Clerical 30 30
3. Chemistry 3 3 Chem
Planning and
Accounting 9 9 Cost-U
Formul8.e-U
5. Production 20 UsU Mic-3
6. Maintenance bU 7 57 Eng. Cap.
7. Miscellaneous
Totals 652 H9 30 573
Percentage
7.5^ 87.9^of totals 100^
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Talile XXX is read in a fashion similar to that of Table XXIX in that
the various departments are listed in column (l) , and the remaining columns
list the employees in each department according to their decimal usage.
Column (6) provides the key to the Decimal Illustrations discovered in
this company. From a study of this table, it might well he said:
1. The vast majority of the eraT)loyees of the Davol Rubber Company
have no occupational use for decimals whatsoever.
2. Slightly over 7^ of "the workers, and these are executives and
specialists, have need to figure in decimals.
3. Reading knowledge of decimals is confined to clerks - the amount
of knowledge needed being of doubtful value.
U. No peculiar use of decimals is apparent,
Coron Tire Company
The Corcn Tire Company of Providence, Rhode Island is one of the many
tire companies in the Providence area which specialize in recapping and re-
treading used tires. The operation is one of comparative simplicity, and
requires only the use of certain tire moulds and strips of rubber.
This coraoany was chosen because of the fact that its method of re-
capping tires is of the higher grade variety and calls for the scooping
out of old rubber left in the tread and the fitting of new rubber into the
newly cut channel. This nev? rubber cap is then placed in a mold heated to
1100 degrees, ejid kept there for a specified time. Although most of the
work involves the mere reading of charts quoted in minutes and tire thick-
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nesses quoted to hundredths, there is some decimal usage.
The Summary Table on pa^e 111 (Table XX7I) lists a total of nine per-
sons employed at this factory. Two of them figure in decimals, two need a
readina: knowledge, the remaining five have no need for decimals whatsoever
at their work. Of the two who have need to figure in decimals, one is the
proprietor who figures social security payments as well as discounts to
wholesale concerns, and the other is the foreman v^ho occasionally figures
how many sheets of rubber for a channel. The usual procedure is to guess
with the eye the number needed and to fill in or scrape off accordingly.
The two reading decimals are moulders whose task it is to select the width
and thickness of rabber most suitable for the tire channel. All rubber
sheeting is in boxes marked to the nearest hundredth. The remaining five
individuals are helpers, tire changers, and general repair men whose every
task is one of brawn rather than brain.
From the above discussion, it can readily be deduced:
1. Aside from the owners and foremen, the amount of decimal know-
ledge needed in tire repair work is negligible.
2. A reading knowledge of decimals is necessary to -onderstand tire
width measurement.
3. The majority of workmen need no decimal computation whatsoever.
From the foregoing discussion of the use of decimals in the Miscel-
laneous Manufacturing industries of our country, the following concluding
statements may be made.
1. If the eight surveyed industries are representative of the general
-V- r-
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census classification entitled Miscellaneous Ivlanufacturing In-
dustries, and it is the "belief of the writer that they are, then
one may find many interesting uses of decimals within this Census
Classification,
With the exception of the electric power company and the rubber
concerns, every survey shows better than half of those employed
either figuring or reading deci.-nals while at work.
Precision guage companies report better than 75'^ of their sur-
veyed population needing a reading or computational knowledge of
decimals while at work.
Roughly speaking, it might be said that one-third of those em-
ployed in these industries figure in decimals, one-third need a
reading knowledge, and one-third have no use whatsoever.
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Secticn Twelve — Clay. Glass
, and Stone
Section Twelve discusses the extent to which decimals were fo-and to
"be used in clay, glass, and stone industries. The United States lists
371tOOO persons as heing employed in these industries. This survey in-
cludes 3,UsJ+ persons, thus the ratio of total persons enga;ged in these
industries to the nuraher surve^^-ed is 107 to 1.
Figure ?3 suci^.arizes pictorially the percentages of -jvorkers in these
industries figuring, reading and not using decimals. The colored portion
represents the 1.7/« of the surveyed population who figure in decimals while
at work. The speckled portion indicates the 0.7/0 who need a reading know-
ledge of decimals. The white portion portrays the remaining 31 .of^ who
have no occupational need for decimals whatsoever.
Fig, 25. Showing uses of decimals in clay, glass, and stone
industries - 1.7^ figuring, 0.7/*' reading, and 97«6^
having no occupational need for decimals.
The industries surveyed were the Weller Pottery, Zanesville, Ohio;
Ford Glass Plant, River 5.ouge, i^Iichigan; and Armory Monumental ft'orks,
Cranston-, Hhcde Island. The numbers in each of these surveyed groups are
shown in Table XXXI which follows:
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Ta"ble XXXI Showing the Aggregated Personnel and Amount of
decimal Knowledge Needed in the Three Investigations
(1)
Name of Concern
Surveyed
(2)
Totals
(3)
Number
Figuring
Decimals
(U)
Number
Eea.ding
Decimals
(5)
Number
Not Using
Decimals
1. Weller Pottery 2635 ^3
2. Ford G-lass Plant 772 10
3. Armory Monumental 11
Totals 3^SU 58
Percentages
of Totals 100^ 1,7%
25
25
26U7
7^3
11
3U01
97.6^
Table XXXI is almost self explanatory. Column (l) lists the concerns
surveyed. Column (2) gives the aggregated personnel for each industry.
Column (3) gives the total number of persons in each industry who are re-
quired to figure in decimals while at work. Column (U) indicates the to-
tal number called upon to have a reading knowledge of decimals. Column
(5) states the remaining number who have no occupational need for decimals.
Vertical totals together with corresponding percentages are given at the
foot of the table. Eow 1 reads as follows: At the Weller Pottery, there
are 2,695 employed, of which kS persons are called upon to figure in de-
cimals, and the remaining 26U7 have no occupational need for decimals.
The following are interesting comments on the data of Table XXXI;
1, The percentage of persons figuring in decimals in each of the
surveyed industries is very low.
2. The size of the factory makes little difference in the amount
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of decimal usage. Compare the fig^ares for the Weller Pottery
and the Ford Glass Plant. The approximate ratio is U:l in every
respect except that the Glass Plant reports 25 persons as decimal
readers.
3. The majority of the workers surveyed have no occupational need
for decimals.
In order that one may ascertain in what departments the decimal users
are, a detailed analysis of the Weller Pottery survey now follows.
The Weller Pottery
The Weller Pottery is located in eastern Ohio in the city of Zanes-
ville. This city is located in the pottery center of the coxintry. The
Weller Company maintains large showrooms on either side of Zanesville to
attract the passing motorist. The pottery itself is a most artistic at-
traction, provided one is not easily annoyed "by strange smells and sounds.
The majority of the workmen here employed are artisans in their own right
having learned the trade from older and more experienced craftsmen. Entire
families find work within this factory. A study of the following table
gives some picture of the department sizes, and their occupational uses
of decimals.
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Table XXXII Showing the Personnel and Amount of Decimal
Knovdedge Needed at the Weller Pottery
(1)
Division
of
Personnel
(2)
Totals
(3)
N-omber
Figuring
Decimals
Number
Read-ing
Decimals
(5)
Number
Not Using
Decimals
(6)
Key to
Decimal
Illust.
1. Executive 7 7 Budge t-3
Mi c—
3
2. Engineers lU Ik Engin. Cap,
3. Chemists 7 7 Chem.
U. Office 17 6 11
*
5. Modelers 3 3
6. Clay Work 140 3 37 Budge t-3
7. Kiln 37 3 3H B-adget-3
s. Finishing 2570
_^ Badget-3
Totals 2695 26U7
Percentages
100^of totals l.Sfo
Table XXXII is read in a fashion similar to Table XXX. Row 3 states:
chemists total 7 for this factory. All seven need a figuring knowledge of
decimals. The type of figuring done by these chemists is related in Cliap-
ter Six, page ISO , under the heading Chemistry .
The number of decimal users in comparison with the total employed is
very small. These, for the most part, are executives, engineers, chemists,
foremen, and skilled office help. These decimal figarers are trained
specially for their task. No general knowledge of decimals for the work-
ing man is necessary.
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From the foregoing discussion of the uses of decimals at the Weller
Pottery, together with the remarkably similar data in all rows of Tahle
XXXI, it might justly be concluded:
1, The three surveyed industries in this section list approximately
SSyi of their employees as having no occupational need for deci-
mals.
?, Those who do figure in decimals are especially trained office
and production personnel.
3, Very few (less tlrigin Iji and this within one industry alone) are
called upon for a reading knowledge of decimals.
U. No peculiar use of decimals was noted.
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Section Thirteen — Transportation and Communication
Section Thirteen discusses the extent to which decimals are found to
be used in transportation and communication industries. Seven industries
were surveyed. The United States Census lists U,U3S,000 persons as en-
gaged in these industries. This survey includes ^,131 persons. The ratio
of total persons engaged in these industries to the n\imher surveyed is,
therefore, 1000:1.
Figure ?b summarizes pictorially the percentages of workers in these
industries figuring, reading, and not using decimals while at work. The
colored portion of the graph represents the 2,l;b of the surveyed popula-
tion who have occupational need for decimals. The speckled portion is in-
dicative of the 0.3''^ who need a reading knowledge of decimals. The white
portion states that the remaining 97»S/« have no occupational need for de-
cimals whatsoever.
Fig. 26, Showing uses of decimals in transportation and comraani-
cation industries - 2,1^ figuring, 0.3^0 reading, and
97«6^ having no occupational need for decimals.
The industries surveyed were the Boston and Alhany Railroad, Boston,
Massachusetts; United Electric Railways, Providence, Rhode Island; Yellow
Cah, Providence, Rhode Island; Lake Garage, G-rafton, Massachusetts; Wilson
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Bspress, North Grafton, Massachusetts; Grafton Highway Department, Grafton,
Massachusetts; and Radio Station W. T. A. G.
,
Worcester, Massachusetts.
The numhers in each of these surveyed industries are shown in Tahle XXXIII
which follows:
Table XXXIII Showing the Ag^^regated Personnel and Amount of
Decirr.al Knowledge Needed in the Seven Investigations
(1) (2) (3) (U) (5)
Name of Concern Number NuTiber Niomber
Totals Figuring Eeading Not Using
Surveyed Decimals Decimals Decimals
1. Boston & Albany 29^1 29lU
United
2. Electric E. E. 102? 28 10 9^9
3. Yellow Cab 68 1 67
U. Lake Garage 8 3 5
5. Wilson Express ^ ^
Grafton
6. Highway Dept. IS 18
7. W. T. A. G. _11 _J2
Totals U13I 88 Ik k023
Percentages
of totals 100;^ 2.1^ 0.3^ 97.6;^
Table XXXIII is almost self explanatory. Column (l) lists the seven
surveyed industries. Column (2) gives the aggregated personnel for each
industry. Column (3) shows the total number in each industry called upon
to fig-are in decimals. Column (k) gives the n\imber in each industry which
need a reading knowledge only of decimals. Corornn (5) states the number
who have no occupational need for decimals. Vertical totals together with
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corresponding percentages are given at the foot of the table.
The following are interesting comments on the data of Table XXXIII:
1. The occupational need for decimals in the seven surveyed indus-
tries is nearly non-existent.
2. Nearly all of the employees of these industries are non-users of
decimals (about 58;^).
3. Cab company, garage, express service - all are entirely without
employees who have to fi,^re in decimals.
U. Almost a perfect ratio is kept between the figures in Row 1
(Boston & Albany E. R. ) and those of row 2 (United Electric Rail-
ways) in so far as total employed and deci'Tials non-users are
concerned. The ratio is approximately 3il'
Before any conclusions conerning the use of decimals in transporta-
tion and communication industries are stated, a more detailed analysis of
the first two industries will be made.
Boston and Albany Railroad
The Boston and Albany Railroad, now financially controlled by the New
York Central System, is one of New England's oldest rail lines. Its ser-
vice, as the name implies, stretches from Boston to Albany and networks
throughout central New England. Its home office is in the South Station
in Boston. The surveyed personnel of this company was readily divided into
nine main departments which are listed and discussed as to their decimal
needs in Table XXXIV which follows:
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Table XXXIV Showin,°: the Personnel aad Amount of Decimal Know-
ledge Heeded at the Boston and Al"bany Railroad
(1)
Division Number Number Number Key to
of Totals Figuring Heading Uot Using Decimal
Personnel Decimals Decimals Decimals Illust.
Hoad
1. Service 715 10 705 Cost-3
Signal
2. Operators 115 115
Yard
3. Operators 5?o 2 51
8
Mic-3
t
U. Sta. Ai^^ents 5U0
Frei^'ht
5. Agents Uoo Uoo
Hi sc.
6. Operators 10 10
Maintenance
7. Equipment 259 6 253 Mic-3
Maintenance
g. Way 292 15 2S3 Draft
Signal
Maintenance lOU 20 Elect-U
Totals 2961 H7 291^
Percentages
92.of tdals 1.65^
The listings in the columns and rows of this table are self explana-
tory. Row 1 reads as follows: In the road service department there is a
total of 715 persons employed - IG of these are called upon to figure in
deciir.als, 705 have no use for decimals whatsoever. Those who do figure in
decimals, according to Column (6) are doing so in connection with the type
of decimal usage known as Oost-3 (explanation of this usage is to be found
in Chapter Six on page I8O). Row 2 is read in a similar fashion.
A study of Table XXKIV reveals:

1. An almost negligible amount of decimal usage in so far as the
.
departments surveyed are concerned.
?. No listing of heavy executive and office force personnel. (This
came about due to the great overlapping and interlocking "between
the Boston and Albany Railroad and its owners the New York Central
3. A complete lack of a necessary reading knowledge of decimals.
In general, the railroad is interested in just two things, namely,
mileage and time. Decimal figuring is confined to those key men in each
department who figore in research laboratories, drafting rooms, and spe-
cialized machine shops. All blue prints for maintenance of way are stated
in inches, and most of the repair work on equipment is "rough" in nature
and makes little if any demand.on "exact" measurement.
One conversant with railway work would argue the^t decimals are con-
stantly used in that all mileage markers
,
signal towers, etc. are quoted
in terms of hundredths of a mile^^ from the South Station. Careful check
with firemen and engineers shewed that although such listings were in hun-
dredths of a mile, no figuxirig or decimal reading as such was used. The
knowledge came about from on-the-job experience, e.nd only hundredths ever
appeared on mileage markers. Even the mileage of is quoted as 0.00.
3^. This is not meant to infer that no office or executive force was in-
cluded in this survey. Each department had its own clerical and su-
pervisory officers. This statement refers only to the many Presidents,
Vice-Presidents, General Managers, etc,
35» See Appendix D for illustration of this use.
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United Electric Railways
The United Electric Railways serve the interurban needs of the Pro-
vidence, Rhode Island area. Its yellow "busses, now rapidly displacing
the trolley service, are a common si^ht on any road leading to the heart
of Rhode Island. This company is a subsidiary of the Narragansett Elec-
tric Company which in turn is financially controlled liy the New England
Power Company. A visit to the office of the United Electric Railways
brings one in touch with young, energetic executives who have established
a transportational service second to none in the country. It is proud
of its awards for safety and modernization of equipment. The personnel
of this company is readily divided into eleven departments whose person-
nel and amount of decimal \isage is presented in Table XXXV which follows:

Tatle XXXV Showin<^ the Personnel and ivmo-unt of Decimal Know-
ledge Needed at the United Electric Railway Company
(1^ (2) V ^/
Divi sion Number Ifumber Number Key to
of Totals F isurins! Readin'°' Not UsinitT Decimal
Personnel Decimals Decimals Decimals Illust.
1. Operators 665 dd5
T. T TIP*
2. Maintenance 30 30
VcXlXC J.C
3. Maintenance 116 6 110 Mic-3
U. Track 50 50
5. Cashiers 6 6
6. Stores 12 . 12
7. Abstract 27 3 2U
s. Acco-onting 10 6 Cost-U
Supervis.
9. Transport. 88 88
General
Cost-l4-10. Administ. 17
'
9
11. Ee search 6 1 Engine
Totals 1027 28 10 989
Percentages
l.OjJ 96.3?^of totals 100^^ 2.7^
Table XXXV is read in a fashion identical with that of Table X^XIV,
namely, Sow 1 states that there are 665 operators of trolleys, busses,
etc. in this company, and that all 665 have no occupational need for de-
cimals whatsoever. The remaining rows are read in a similar way.
A study of Table XXXV reveals the following:
1. A total of 28 persons out of 1027 have need to figure in decimals

while at work. This constitutes a percentage slightly under
3-^ (2.7-^).
A reading knowledge of decimals is neccessary for ten employees,
nine of tiiese in the department headed, General Administration,
(row 10) and one in the research department (row 11).
The vast majority of employees, namely 9b. 3>9, have no occupation-
al need for decimals whatsoever. This is readily understood in
watching the way an operator of a "bus works. He is interested
in time, mileage, and money. His rook machine (a device used to
accept fares which records the amount going through the machine)
must tally the same as the money he turns over at the end of the
"run". Time is kept in minutes, and money in dollars and cents.
Ho other figuring is necessary.
Row S, headed Suoervis. Transport , refers to the 88 men who have
"been elevated from the rank of operator to the duty of supervision.
It is their task to check busses in and out, to inspect the ope-
ration of all equipment, to time "busses enrcute , and report any
irregularities of service to the management. These men are
watch-watchers and men-watchers. No figuring is necessary on
their task except the recording of bus numbers and time of de-
part-'ore.
Decimal fig:uring is confined mainly to the abstract department,
which figures safety records and provides publicity releases,
the accounting department - entirely taken over by the Interna-

tional Business Machines - General Administration, and research.
It is, in fact, in the last-named department that most of the
decimal work for the entire company takes fona.
From the foregoing discussion of the use of decimals in transporta-
tion and communication industries, it is just to conclude:
1. If the seven industries s\irveyed herein are typicsA of those
engaged in traaasportational and cominunicational work, and it
is the belief of the writer that they are, then approximately
92;^ of those employed in these industries have no occupational
need for decimals whatsoever,
2. The minority, 2^, need to be able to fij^ure in decimals. These
for the most part are executives, research engineers, and spe-
cialists in various lines.
3. No peculiar use of decimals is apparent other than to note the
use the railway makes of decimals.

Section Fourteen - Trade
Section Fourteen discusses the extent to which decimals were found to
be used in the Trade Industries. This branch of industrial life embraces
banks, brokerage concerns, insurance companies, and real estate firms. The
United States Census lists 1,593*03'^ persons as engaged in these business
houses. This survey includes 193 persons. The ratio of the tote.1 persons
engaged in this work to the number surveyed i^ therefore, S200 to 1,
Figure ?7 summarizes pictorially the percentages of workers in these
occupations figuring, reading and not using decimals. The colored portion
of the graph represents the 20.2^ who are called upon to figure in decimals
while at work. The speckled portion indicates the S.3$^ who need a reading
knowledge of decimals. The white portion gives the Jl.^fo who have no oc-
cupations,l need for decimals whatsoever.
Fig. 27. Showing uses of decimals in Trade - 20. 2J^ figuring,
8.35^ reading, and 71»5^ having no occupational need
for decimals.
The business houses surveyed were the Newmarket National Bank, New-
market
,
New Hampshire; Old Stone Bank, Providence, Elxode Island; Hornblower
and Weeks, Brokers, Providence, Ehode Island, Devonshire Financial Servic
3U. Buckley, Joseph E.
,
op. cit., page U5

Brookline, Massachusetts; Phoenix Mutual Insurance Company, . Providence,
Ehode Island; and Wallace Heal Estate Company, Apponsug, Ehode Island.
The numbers in each of these places of business together with their deci-
mal needs are given in Table XX>'VI which follows:
Table X'XVI Sho^in^ the Aargregated Personnel and Amount of
Decimal Knowledge Needed in the Six Investijg-ations
(1) (2) (3) (U) (5)
Name of Concern Number Number Number
Totals Figuring Reading Not Using
Surveyed Decimals Decimals Decimals
1. Newmarket National U 1 3
2. Old Stone Bank 3U I5 2 I7
3. Homblower & Weeks 22 7 15
U. Phoenix. Itutual 20 2 18
5. Devonshire Finance IO3 lU ik 81
6. Wallace Real Estate k U
Totals 193 39 16 13s
Percentages
of totals 100^ 20.2^ 8,3^ 71.5^
Table XXXVI is read in a fashion similar to Table XXXIII (page I35)
.
That is, row 1 states that at the Newmarket National Bank there are h per-
sons employed, one of whom is called upon to figure in decimals, whereas
3 have no need for decimals at their work.
From the data of Table XXXVI certain comments are made:
1, Each place surveyed with the exception of the real estate company
had need for figuring in decimals.

2. The total number figuring in decimals is in excess of 20j^> of
the total.
3. A reading knowledge of decimals insofar as two firms are con-
cerned is in evidence.
U. The majority of the employees even in banl<:s and "brokerage houses
ha.ve no occupational needs for decimals.
Before any conclusions concerning the use of decimals in Trade are
made, a closer analysis of the data gathered will be made.
Newmarket National Bank
Any bank might well be expected to raeke constant reference to deci-
mals insofar as interest rat-s, etc. are concerned.. Thi^ however, is more
classical than real in nature. The modern bank today is not confused with
the details of figuring interest. Rather interest tables^5 are used so
that the need for figuring in decimals is automatically eliminated. Cer-
tainly, however, one would argue that banks would use decimals in figuring
interest charges on loans. Here again a table is used. 3^
In fact, the one person in this bank who did figiare in decimals was
an old teller who argued in favor of the long hand method of computing in-
terest. The "new-fangled" tables were more bother than they were worth J
35 • Common among these being:
Imperial Interest Table
.
Dean-Hicks Co., Grand Rapids, Michigan, 1897
Coffin's Interest Table
.
John C. Winston Co., Philadelphia, 1927
Benson's Instanto Interest Table
36. Monthly Payment. Direct Reduction Loans. Amortization Sched-'ole . Finan-
cial Publishing Co., Boston, 133^

Old Stone Bank
This tank is purposely included in this survey due to the fact that
interest computing is a daily occurence in this hank. This institution
advertises that you get interest on your deposit from the day you make it
until the day you withdraw it. There is no monthly average upon which to
work. This plan calls for the computing of 15OO interest charges each day
Each deposit, and each withdrawal must have interest computed thereon. To
add to this load, each computation must he checked by another teller. Tc
what extent, then do decimals play a part in this practice? The part pla-
yed is negligible. Computing machines are used. The current rate of in-
terest is say, Interest is declared on January and July 1st. Por
each day in the six-month period a table is prepared on a piece of card-
board. This table states the interest on.l dollar, $5, $10, $50, $100,
etc. that would be due the depositor if he were to leave in that day's de-
posit for the remainder of the six-month period now in force. If, however
in one week, he were to withdraw part of that money, an interest deduction
would be made on his interest card. At the end of the six-month period,
all the interest credits, and all the interest deductions are added to-
gether, and the balance noted. This balance is the customer's interest.
Decimals are used to this extent - they appear on the card. If an odd
amount is deposited or withdrawn (an odd amount being an amount not listed
on the card) then the sitiount of interest due on each dollar invested is
read from the top of the card and punched into the computing machine; then
the number of dollars is placed on the machine, tl'ie machine does the rest.
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These decimals are kept straight by a pointer which is set on the machine.
No kncvded^e of decimals is necessary to compute interest under this plan.
Such work is carried, incidentally, to five decimals. The complete
personnel of this hank is readily divided into six departments which are
discussed as to their decimal needs in Tahle XrXVII which follows:
Table XXXVII Showings; the Personnel and Amount of Decimal
Knowledge Heeded at the Old Stone Bank
(1) (2) (3) (5) (6)
Division Number Number Number Key to
of Totals Pigiarin:^ Reading Not Using Decimal
Personnel Decimals Decimals Decimals 11 lust.
1. Tellers 6 6
2. Mort. Loan 7 U 3 Interest
3. Executive 5 5 Bond
Bookkeeping 9 6 3 Interest
5. Clerical U 2 2
6. Miscellaneous 3 3
Totals 15 2 17
Percentage
of totals Ul+.lfb 5.9^ 30^
Table XXXVII is read in a fashion similar to Table XmV (page I37)
namely. Row 1 states that there are 6 tellers. All 6 of which have no oc-
cupational need for decimals. Row 2 is read in a similar style.
Prom Table XXXVII it is noted that nearly of the employees of
this bank are called upon to f ig\ire in decimals. The discrepamcy between
this bank and the former comes about, for the most part, in the difference
-.
t
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betreen the two institutions. The former is a consolidated country bank.
The latter is a city savings bank. The predominance of executives in the
latter tofl:ether with the ^^reat emphasis upon investment of savings deposi-
ted brings about much paper and pencil work. Government bonds are quoted
in thirty-seconds of a dollar, but most of those persons working with that
material in this bank converted the fraction to a decimal before making
subsequent calculations.
Hornblower and Weeks
This investment house lists about one-third of its employees as deci-
mal users. It is to be noted, however, from Table XXXVIII to follow that
these occur in the Bond Sales Division and the Office. Stock Men use frac-
tions only.
Table XXXVIII Shewing the Persorjiel and Amount of De c imal
(1)
Division
of
Personnel
Knowledge Needed at Hornblower and Weeks Company
(2)
Totals
(3)
Number
Figuring
Decimals
(H)
Number
Reading
Decimals
(5)
Number
Not Using
Decimals
(6)
Key to
Decimal
Illust.
1. Ticker S 8
2. Bond 7 2 5 Bonds
3. Clerical 2 2 Bonds
h. Office
Totals 22 7 15
Percentages
of totals 100^^ 31. S?^ 68.2^

Table XXXVIII is read in a fashion similar to TaMe XXXVII (pa§e ikj).
That is, row 1 lists 8 persons employed in the ticker room. None of these
g are decimal users. The remaining rows are read in a similar fashion.
Row 2 lists 2 of the 7 bond sales men as decimal users. These men
are engaged in work similar to that discussed under the Bond Work of the
Old Stone Bank. They find it best to convert the 32nds of a dollar to a
decimal before making computations. The other 5 prefer tc use the fraction
throughout.
Phoenix Mutual Insurance Company
The Providence office for this nationally known insurance firia is lo-
cated in the Turks Head Building in Providence. A visit to this office
showed 20 persons employed. Sixteen of these twenty were sales men - the
other four were divided as follows: 3 clerks, 1 office girl. Out of the
20 employed, only 2 salesmen used decimals at their work. These were men
of the old guard who preferred the old confound interest table to the pre-
pared tables issued by the home office. These prepared tables give at a
glance the state of any instirance policy during any one of the years that
it is to run. Namely, the cash paid-up value, the total interest accrued,
and the amount set p.side for direct protection. If the policy was of the
endowment variety, it gives the proportionate amount set aside for insurance
as well as sa-vings. jlny one of these new tables could be read by a high
school person, and no reference is made to any djecimals other than those
occuring with dollar and cents transactions. Cumbersome interest tables
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are avoided. Flashy notations are placed to catch the eye. Catch phrases
are sprinkled generously over the folder. The table was made to appeal to
the prospective customer as a business-like proposition. Always, however,
within the ra.nge of his mental power J
It might well be said, that insurance men need no decimal -aiowledge.
They need a wide range of friends, a selling personality, and a mind quick
to adapt to the prospects* trend of thought. Sell - is the motto J Routine
mathematics is dull and has no place in the modern sales plan.
Wallace Beal Sstate
Decimals well might play a part in this trade. The fact, however, is
that very few real estate people bother with decimals as such. If their
commission is 10^, it means ten cents on the dollar, or $10.00 on the hun-
dred. If it is lOi to $3,000 and thereafter, it Just means $100 on each
thaasand, and $50. thereafter. Real estate commissions vary, but in nc
case do real estate men have recourse to decimal figuring unless they so
desire. The Wallace Real Estate Company showed no inclination to figure
by means of decimals,
Proir the foregoing discussion on the use of decimals in business houses
dealing with banking, brokerage, insurance, and real estate, the following
conclusions seem warranted:
1. The use of decimals is optional.
2. This survey notes 20.2'^ as figuring decimals.
3. The majority of those employed in these houses have no occupation-
al need for decimals.
II
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Section fifteen — Wholesale - Retail
Section Fifteen discusses the extent to v;hich decimals were found to
"be used in wholesale-retail business houses. The United States Census
lists 5i951-.000 persons as engaged in this occupation with 92;t or 5f^75»120
engaged in retail selling. Due to the fact the,t previous studies hy
Woody^'' and Charters-^^ answer quite conclusively the matter of decimal
usage in retail selling, this section surveyed only those wholesale houses
and autoraohile agencies not covered "by the previous studies. Thus, the
total population insofar as this survey is concerned is ^75.930. The ac-
tual number of persons included in this survey is U9, therefore, the ratio
of total persons engaged in this occupation to the number surveyed is
9,S00;1.
Figure 2S summarizes pictorially the percentages of workers in this
occupation figuring, reading, and not using decimals. The colored portion
represents the ?^ who have need to figure in decimals. The speckled por-
tion is indicative of the 6fs who need a reading knowledge of decimals, and
the white portion states that 92^ have no occupational need for decimals
whatsoever.
37* See paa:e 10
38. See page 11
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Pig. 2S. Showing uses of decimals in wholesale-retail - 2$^
figuring, Gfo reading, and not using decimals
while at work.
The firms surveyed were the Ford Motor Company, Leominster, Massachu-
setts; Kew England Coal and Coke Company, Providence, Ehode Island, and
the Gaspee Coal Company, Providence, Ehode Island. Each of these is either
an automotile agency or wholesale concern. The numbers in each of these
surveys together with the amount of decimal usage discovered is listed in
Tahle XXXIX which follows:
Table XXXIX Showing the Aggregated Personnel and Amount of
Knowledge Needed in the Three Surveys
(1)
,
(2) (3) (^) (5)
Name of Concern Number Number Number
Totals Figuring Heading Not Using
Surveyed Decimals Decimals Decimals
1. Ford Motor Sales 12 1 3 3
2. N. E. Coal & Coke 29 23
3. Gaspee Coal Co. 8 S
Totals kS 1 3 ^5
Percentages
of totals lOOfi 2^ 6^ 92^
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Prom the Table XCXIX which preceded, it is to be noted that ore concern,
the Ford Motor Company of Leominster, Massachusetts reports one man as fi-
guring in decimals. This man is the owner who figures social security, and
discounts on incoroing as well as outgoing cars. This concern also reports
three men as reeding decimals while at work. These three are mechanics who
are engaged in reading thickness gauges as described in Auto-3 in Chapter
Six on page 177*
The remaining concerns list none as decimal users. These concerns are
wholesale coal and lumber companies whose bookkeeping is in dollarf and
cents and mdaose managers are not interested in the intricacies of cost ac-
counting. The results obtained by surveying these last two companies agree
well with the survey in the retail stores as conducted by Woody and Char-
ters. ^9 While Woody concludes ths,t "decimals and percent occur in connec-
tion vrith United States money",^ Charters goes farther by concluding that
"by the simple device of using the thumb, decimals disappear."^
Therefore, it may be concluded that the use of decimals in wholesale
and retail stores, as described by the United States Census, is negligible.
Retail stores provide little, if any opportunity for figuring in decimals
as such, while wholesale houses provide e necessity for decimal fig-uring on
the part of executives and cost accountants (if such are employed). Any
reading knowledge of decimals is confined to the mechanics employed by auto-
mobile agencies to service the cars for sale.
39. See page 10, footnote 5 and 26.
See page 11 , statement 5
Ul. As quoted from the Charter's study by Guy M. Wilson in his book,
What Arittimetic Shall We Teach. i3a°:e 79 .
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Section Sixteen — Public Service
Section Sixteen discusses the extent to which decitiAl s were found to
Tae used in those departments of town, city, state, and national govern-
mental departments known as Pahlic Service. The United States Census lists
1,050,000 as engaged in this work. Our survey includes 990 persons. The
ratio of the total number employed in this work to the number included in
our survey is, therefore, 1,100:1.
Figiore 29 summarizes pictorially the percentages of workers in public
service fi^oring, reading, and not using decimals. The colored portion re-
presents the 2.U;^ who are called upon to figure in decimals. The white
portion is indicative of the remaining 31'Ofo who have no occupational need
for decimals whatsoever.
Fig. 29* Showing uses of decimals in public service departments
- 2.U^ fig-oiring, S7»ofo having no occupational need for
decimals.
Those public service departments surveyed were the United States Geo-
logical Survey, Boston, Massachusetts; Warwick, Rhode Island Police Depart-
ment; Lakewood, Riiode Island Fire Department; Ford Service Department, River
Rouge, Michigan; Ford Fire Department, River Rouge, Michigan. The latter
two surveys, not strictly being public service, were included for compara-
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tive purposes as will he shown on the page to follow. The numbers in each
of these surveys are shown in Table XL which follows:
Table XL Showinj^ the A^^regiated Personnel and Amount of
Itecimal Knowledge Heeded in the Five Invest ip;ations
(1) (2) (3) (U) (5)
Name of Concern Number Number Number
Totals Figuring Heading Not Using
S^Jirveyed Decimals Decimals Decimals
1. U. S. Geological 20 20 20
2. Warwick Police 35 35
3. Lakewood Fire Co. 26 26
k. Ford Service Dept. 681 631
5. Ford Fire Dept. 2£S
_Ji 22U
Totals 990 2h 966
Percentage
of totals 100^ 2.kfv 97.6^
Table XL is almost self explanatory. Column (l) lists the departments
surveyed. Column (2) gives the aggregated personnel for each survey.
Column (3) indicates the number in each of these departments fig^arir^ in
decimals while at work. Column (U) gives the fact that none of these de-
partments request a reading knowledge of decimals from their employees.
Col\imn ("5) gives the total number in each department having no occupation-
al need for decimals. Vertical totals together with their corresponding
percentages are given at the bottom of the table.
Thus, row 1 reads as follows: In the U. S. Geological Survey, twenty
persons are called upon to fig^are in decimals. This constitutes the entire
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personnel as col-amn (5) lists only twenty persons as eraployed in this de-
partment. Row 2 is read in a similar fashion.
Table XL shews only 2h persons out of the 390 as f igrurin-g in decimals.
These are represented "by the U. S. Geological Survey and the Ford Fire De-
partment. The remaining 966 have no occupational need for decimals what-
soever. It may he concluded that the use of decimals in public service
work is extremely specialized, namely in engineering vi/ork. This fact is
easily proven by making reference to the examination questions given candi-
dates fcr public service work. A perusal of that given by the Warwick,
Rhode Island Fire Department shows no question on the manipulation or the
reading of decimals. A similar analysis of the questions offered by the
Ford Motor Service reveals the same lack of decimal work. It may, there-
fore, be concluded that insofar as general public service work is concerned,
the use of decimals by persons within this section is of little importance.
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Section Seventeen — Domestic and Per&onal
Section Seventeen discusses the extent to which decimals were found to
"be used in Domestic and Personal Work. As this work is for the most part
domestic in nature, only three surveys ware made. The United States Cen-
sus lists U,8lU,000 persons as engaged in this occupation. Of this number,
over or 2,53^.000 are listed as domestics. The tlrxree surveys under-
taken were made in laundries, dyeing establishments, and hotels. The very
nature of domestic work excludes all decimal usage, therefore, no attempt
was made to survey this field.
Figure 30 summarizes pictorially the percentages of workers in the
three mentioned surveys figuring, reading, and not using decimals. The
white portion represents the 100;^ who have no occupational need for deci-
mals whatsoever, thus "bearing out the previous statement concerning domes-
tics in general.
Fig. JiO. Showing uses of decimals in Domestic and Personal
Services - 100;* having no occupational need for
decimals.
The three establishments surveyed were the Surf Hotel, Block Island,
Ehode Island; Irvington Hooms, Boston, Massachusetts; New Way Laundry,
Providence, Bhode Island. The numbers in each of these surveys together
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with their needs for decimal knowledge are shown in Tatle XLI which follows:
Table XLI Showi n-^ the Aggregated Personnel and Amount of
Decimal Knowledge Feeded in the Three Investigations
(1)
Name of Concern
Surveyed
(2)
Totals
(3)
Number
Figuring
Decimals
(U)
Number
Reading
Decimals
(5)
Number
Not Using
Decimals
1. Surf Hotel
2. Irvington Rooms
3. New Way Laundry
Totals
Percentage
of totals
IS
12
93
100^
IS
12
93
100^
Table XLI is almost self explanatory. Column (l) lists the names of
the concerns surveyed. Column (2) gives the aggregated personnel for each
survey. Column (3) gives the total number in each survey who are called
upon to figure in decimals. Column (h^ lists the tctal number who need a
reading icnowledge of decimals. Column (5) states the total number who have
no occupational need for decimals whatsoever. Vertical totals together
with corresponding percentages are given at the foot of the table.
From the date of Table XLI the following inferences are drawn:
1. No surveyed concern shows a,nyone as figuring or reading decima,ls
while at work.
2. The type of work done by the concern has no bearing on the decimal
needs o-f the persons employed.
Only one conclusion concerning the use of decimals insofar as the
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persons listed under this section is possiTale, namely: there are no deci-
mal needs for this group.
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Section Eighteen — Extraction of Minerals
Section Eighteen discusses the extent to which decimals were found to
"be used in industries engaged in the extraction of minerals. Two indus-
Uptries were surveyed. The United States Census lists 1,157,000 as en-
gaged in these industries. This survey inclades U27 persons. The ratio
of the total persons engaged in these industries to the mamher s"arveyed
is, therefore, ?, 700:1.
Figure 3I summarizes pictorially the percentages of workers in these
industries figuring, reading and not using decimals. The colored portion
of the graph represents the 3*3^ '''^^0 need to figure in decimals while at
work. The speckled portion is indicative of the 0.5y^ which are called
upon to have a reading knowledge of decimals. The white portion indicates
that of the workers in these occupations have no occupational need
for decimals whatsoever.
Fig. 31* Showing uses of decimals in industries engaged in the
extraction of minerals - 3»3^ figuring, 0.5/^ reading,
and 96.2^ not using decimals while at work.
U2. All data suTsraitted from the Plcpoers Coal Company, Mine X is in the
nature of opinion in that it iras provided the investigator "oy a coal
executive of the Boston division of the Kopper Coal Company. This
executive spent over two years at Ivline X and the figures reported are
taken from confidential reports which he made at that time. The de-
partments within the concern are authentic. The figures may "be slight-
ly in error. It is doubted if any of the percentages are in error.
Direct contact with the company was not possible.

-i6l-
The industries surveyed in this section were the White Mountain (Quarry,
North Conway, New Hampshire and Mine X, Kopper Coal Co.noany, Pittsburgh, ^3
Pennsylvania. The number in each of these companies together with their
decimal needs are listed in Table XLII which follows:'
Table XLII Showin,^ the iig.^ref^ated Personnel and Amount of
Decimal Knowledg:e Neede d in the Two Investigation s
(1) (2) (3) (U) (5)
Name of Concern Number N'umber N'omber
Totals Figuring Heading Not Using
Surveyed Deci rials Decimals Decimals
1. White Mt. Qp.arry 39 2 37
Mine X
2, Kopper Coal Co. 12 2
Totals U27 lU 2 Uii
Percentage
of totals 100^ 3.355 .5^
Table XLII is read in a fashion similar to Table XLI. That is, row
1 states that the TThite Mountain (l^uarry employs 39 persons. Two of these
figure in decimals and 37. the remaining, have no occupational need for
decimals. Row 2 is read in a similar fashion.
The data of Table XLII allows the following comments:
1, At best, less than of the surveyed population come in contact
with decimals while at work.
2, In each coarpany, the use of decimals is confined to a small few.
In order that a more careful inspection of the work encountered by
these decimal users may be made, the complete datr^ for the Coal Mine X is
given in Table XLI I I which follows:
ii-3. See footnote h2, page I60
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Tabls XLIII Shot?in.!j: the Personnel and Amount of Decimal
Knowled,5;e Needed at the Kopcers Coal Company
.
Mine X
(1) (2) (3) W
Division Numher U'omber
of Totals Figuring Reading
Personnel Decimals Decimals
(5) (6)
Kumljer Key to
Not Using Decimal
Decinals Illust.
1. Executive h
2. Clerical 11
3. Weighers 3
U, Yardmen 5^
5. Inspection 3
6. Research 2
7. Accounting 3
g. Miners 29U
9. t/Iiscellaneous lU
Totals 38S
Percentage
of totals 100^
Cost-U
9
3
5^
Chem
Chem
C06t-U
12
3.2^
2
29U
Jji
37^+
96.3?^
Ta'ble XLIII is read as follows: Row 1 states that there are U execu-
tives at this Coal Mine. All h of these executives have cause to figure
in decimals while at work. The type of decimal usage most commonly en-
countered hy them is listed in Chapter Six as Cost-U (page ISl). In like
manner the other rows of the Ta'ble are read.
An analysis of Ta'ble XLIII shows that the men figuring in decimals
are executives, inspectors, research chemists, and accountants. Those who
are called upon to read decimals are clerks. The remaining personnel has
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no occupational need for decimals whatsoever.
From the data of Table XLII and XLIII, the following conclusions seem
warranted:
1. Persons employed in extracting minerals from the earth are, for
the most part, not called upon to use decimals while at work.
2. The small percentage of Tsersons having an occupational need for
decimals are either executives or highly trained specialists in
the field of accounting, engineering, or chemistry.
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Section Uiaeteen — Building Trades
Section Nineteen discusses the occupational needs for decimals in the
"building trades. The United States Census lists 2,57^*000 persons as en-
gaged in these occupations. This section, unlikre the preceeding sections
presents no personal-industrial- survey. Rather, it discusses the most im-
portant of the "building trades from data gathered in previously mentioned
industrial surveys.
The "building trades according to the United States Census of 1930
are divided into the following main categories:^
Trade
Builders and Contractors
Owners and Managers
Foremen
Civil Engineers
Draftsmen and Engineers
Accountants
Clerical
Masons and Blacksmiths
Carpenters and helpers
Machinists
Other mechanics
ElectrieiaAs
Derrickmen, roofers, etc.
Painters, paper hangers, etc.
Plu.Ti"bers
Tinsmiths, etc.
Cement Finishers
Structural Steel
Laborers and operatives
No. employed
151,000 or
2?, 000 or
21,000 or
13,000 or
7 , 000 or
2,000 or
U2,000 or
lG6,000 or
772,000 or
U.OOO or
12,000 or
85,000 or
12,000 or
513,000 or
163,000 or
31,000 or
13,000 or
26,000 or
U38,000 or
'jo of Total
5.9^
0.9^^
0. 8:^
0.5/0
o.3f.
0.1^:^
1.6^
6.U^
30.0;^
0.2^
0.5^
3.3f^
0.5^^
19.9^
6.5^
1.2;S
0.5$^
l.Ofs
19.9^
Selecting all of the above listings with a percentage of total
greater than 2;^, we have the remaining:
4^. Hee.aings and tote-1 employed taken from U. S. Lept. of Commerce, Fif-
teenth Census of the United States
.
0]p. cit.
,
page U2U-.U25.
on - slijie rule.«.
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Builders and contractors 5»9/^
Masons and blacksmiths 6.%^
Carpenters and helpers 3^,0fo
Electricians 3*3^
Painters, paper hangers, etc. 19»9f«
Plumbers 6. 5/'o
Laborers and operatives 19.9^
9l.9?6
Thus we find on our abbreviated list almost of the total nu'nber
listed under the Census classification. A discussion of the use of deci-
mals by each trade represented on the selected list follows.
Builders and contractors
The average builder or contractor is a former carpenter, plumber, or
electrician who by virtue of his business ability has rallied around him
other men who cooperate in serving the building needs of a given locality.
His usage of decimals as observed by talking with two small-town carpen-
ters (William Robinson and John Johnson both of Grafton, Massachusetts) is
negligible. These contre-ctors, being formerly carpenters, are well ac-
quainted with the rule and its fractional subdivision, but on no occasion
do they find any cause to use decimals in their figuring of building needs
and costs other than those arising from United States currency.
In contrast to these average contractors, there is the Contracting
Firm of A. W. Merchant in Providence, Ehode Island ^^hich deals in con-
tracts running into the millions of dollars. This large contracting firm
is in reality a series of smaller and more specialised companies with their
home office in the Hospital Trust Company building in Providence, Rhode
Island. A visit to this office revealed certain draftsmen, engineers, and
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executives at work preparing plans for the (^aonsett Point Naval Base on
lower Narragansett Bay. These draftsmen and engineers, uowever, are not
within the range of this heading as on page l64 they were noted separate
from "builders and contractors and constituted O.S/b of the total population
of the building groups. There were three executives in this office which
would be classified as builders and contractors. These three men were fi-
guring in decimals. Although it is difficult to state what percentage of
the builders and contractors in general are represented by these three ex-
ecutives and their companion large firm contractors, it is safe to state
they make up but a small fraction of the 151,000 contractors listed in
this section.
Masons and Blacksmiths
Blacksmiths at work on their forge and masons plying their trowel re-
veal no decimal needs. The foot ruler and its fractional subdivisions are
their only measures. The mason is more concerned with the fall of his
plumb bob than he is with any other measure other than brick counting.
Pay is figured by the Job or hour. No use of decimals is apparent, other
than that which arises in connection with United States currency.
Carpenters and helpers
Carpenters working either for themselves or for a contractor have no
occupational need for decimals, and anyone suggesting to them that decimal
calculations might be more facile than fractional notations is considered
bookish and queer. The only occasion in which the investigator found any
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decimal usage carpenters or their helpers was during the Brown and
Sharpe personal- industrial-survey. (Page II3 ff*^ This usage came about
due to a peculiar pay scale in operation at this coiT5Dany, and it was only
in connection with their weekly wage that decimals were used. This case
"being en exception to standard procediire, it seems correct to assurne that
in most cases carpenters and their helpers make no occupational use of de-
cimals at their trade.
Electricians
Many electrical theories involve decimal usage. Horever, on-the-job
electricians are not great decimal users. The installment of main lines
and switch boxes, subsidiary lines, fuse boxes, switch boxes, outlets, and
the laying of 3 X wiring make no demand on the electrician for any decimal
knowledge. He knows the type of wiring to use from his experience at the
trade. Ho formula need be used in discovering the position or type of
switch box to install. The installation of custom built electrical units
in large office buildings or manufacturing centers where predetermined
standards are not available, makes an electrician figure in decimals.
The only personal-industrial-survey herein reported which classifies
electricians of both kinds is the Jord Motor Company survey in Section Six,
page 69. From Table XVII, page 80, line IJ, it is found that there are
370 men listed as electricians v/ith 100 of them needing a figuring know-
ledge of deciT.als and the remaining 27O having no occupational use for de-
cimals. As there is within this thesis no more cosmopolite,n sur-vey in
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trades and occupations than the Ford Motor Survey, the ratio of 100 out of
370 is used as a basis for judging the approximate proportion of electri-
ciejis called upon to ha.ve a figuring knowledge of decimals at their work.
This gives a percentage of 10.?;l (lOO / 970) • According to the Census
listing on page I6U there are 85,000 electricians within this classifica-
tion making up 3»3/^ grand total. From the above ratio, it is de-
duced that of the 3*3^ are listed as electriciajis, only 0.3j« of them
are decimals users {10.2% of 3»3^)»
Painters, paoer hang^ers. etc.
At no time in the survey has any use of decimals other than the figu-
ring in United States currency been apparent on the part of painters and
paper hangers. Further incidental investigations based on personal expe-
rience fail to reveal any decimal need at all on the part of these crafts-
men.
Plumbers
Plumbing equipment is constantly quoted in terms of inches and its
fractional parts. That is, a certain radiator installation calls for an
1" steam shut-off valve, a 7 section, 5 coil, 3S" high radiator, I6 feet
of 1" pipe, and a vacuum valve. Radiation of a house is figured in terms
of the cubic contents with a ready translation into British Thermal Units
to determine the necessary square feet of radiation. No use of decimals
is apparent either in the ordering, installing, or maintaining of plumbing
equipment.
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La"borers Q.n6 operatives
Probably no class of persons in our industrial world are called upon
to do less thinking than laborers and operatives. Their task is to fetch
and carry, to lift and load, to reach and hand. They are the ever present
bearers of burdens - the mobile machine. Their pay is the lowest and their
work the heaviest. It is in this type of employment that the foreign-born
most readily finds himself. Ho use of decimals is apparent in this work.
The foregoing discussion has presented statements and data, concerning
the use of decimals in the building trades. It is apparent that insofar
as the abbreviated list of trades (page l6^+) is concerned there is little
use of decimals. The only cases noted being in the discussion of Builders
ajid Contractors and Electricians . Not included in the abbreviated list
were certain classes of the Building Trades which from previous personal-
industrial- surveys show decimal usage. These are:
Trade ^ of Total
Owners and managers 0»97^
Foremen 0.8/^
Civil engineers O.^fo
Draftsmen and Engineers 0«3/^
Accountants 0.1/"^
Machinists 0.2%
To these decimal users may be added:
Electricians (see page l68)
Builders and contractors (approximation)
Total of Decimal Users
It is, therefore, concluded that the persons listed in the Building
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Trades are for the raost part not called upon to possess a flaring or
reading knowledge of decimals at their work. The approximate percentage
needing a figuring knowledge of decimals is U^, the remaining 3^ having
no occupational need for decimals whatsoever.
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Section Twenty — A^ric-glture
Section Twenty discusses the occupational needs for decimals among
the farmers of our country. The United States Census lists 10,US3,000
persons as engaged in agricultural occupations. This section, like the
one preceeding, presents no series of personal-industrial-surveys. Rathei;
after the presentation of three personal-industrial- surveys, the section
deals with those duties in which decimals appear and might apoear, specu-
lation being permissible in light of the great progress made toward sci-
entific farming in the last decade due to the work of State Agricultural
Commissions.
Three farms were minutely surveyed, ten others casually surveyed, and
two state agricultural commissions were visited. Figure 3? summarizes
pictorially the percentages of workers in these industries figuring, read-
ing, and not using decimals while at work.
Pig. 3^* Showing uses of decimals in the surveyed farms -
2^ figuring, 7^o reading, ^kZ/o having no occupational
need for decimals.
The farms surveyed were: Deerfoot Farms, Southborough, Massachusetts;
Iccky Hill Farm, North Grafton, Massachusetts; and Dawley Farm, Shannock,
Rhode Island. The two state agricultural com.missions visited were located
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at the Hhode Island State College, Kingston, Rhode Island and the Worcester
Cc-onty Extension Service in the Post Office Building, Worcester, Massachu-
setts. The personnel of the farms visited together with the extent of
their decimal needs are stated in Tahle XLIV which follows:
Tahle XLIV Showing; the Aa:^regated Personnel and Amp-unt of
Decimal Knowledge Needed in the Fann Surveys
(1) (2) (3) (^) (5)
Name of Concern Number Number Number
Totals Figuring Residing Not Using
Surveyed Decimals Decimals Decimals
1. Deerfcot Farms IS ' 1 1 l6
2. Rocky Hill Farm 5 5
3. Dawley Farm 3 3
U. Ten Small Farms
_21
__2^
Totals 1 1 U7
Percentage
of totals 100;:^ 2^ 2^ 96^
Table XLIV is almost self explanatory. Column (l) lists the surveys
accomplished. Column (2) gives the aggregated personnel for each industry.
Column (3) states the total number on each farm needing to figure in deci-
mals while at work. Column (U) gives the total nvunber needing a reading
knowledge of decimals vrfiile at work. Column (5) indicates the total number
having no occupational need for decimals. Vertical totals together with
corresponding percentages are given at the foot of the table.
Table XLIV is read as follows: Row 1 - At the Deerfoot Farms in South-
boro, there 18 persons employed on this farm, 1 person who is called upon
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to figure in decimals, 1 person who needs a reading knowledge of decimals,
and 16 persons who have no occupational need for decimals whatsoever. Rows
2, 3» ^ read in a similar fashion.
Prom the data in Tahle XLIV, the following comments are deduced:
1, Farming makes little demand on its employees for a knowledge of
decimals other than handling United States money.
2. The one person who is called upon to fiirare in decimals, as well
as the one person called upon to read decimals are "both employed
"by the largest farm surveyed. This farm is a subsidiary of the
Borden Milk Company - a vast syndicate which makes many demands
on its various managers and foremen.
The average farm reported in this section makes no demand on any of
its employees or owners for a knowledge of decimals in any form.
To augment the data of Ta'ble XLIV, the following statements are made
as a result of the visitations to the t^o State Extension Services of Ehode
Island and Central Massachusetts;
1. The State "Sxtension Services, aware of the lack of business ability
shown by many of the farmers within its, jurisdiction, have made
available to all farmers, free of charge, an account book which
covers a year's business.
?. This account bock is an attempt to enlighten the farmer as to his
actual espenditures over a period of one year, He is asked to
list all payments of wages; purchases of seeds, and cattle; all
harvests of croDs with money received therefrom; all sales of
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milk, eggs, etc.; various estimates of costs for the development
of certain tracts of land.
3. In addition to the accoimt "book, the farmer is urged to keep an
egg "book and a milk book in which he records the nuraher of eggs
gathered dailj and poundage of milk given hy his cows.
U. All account "books are balanced by the State Extension Service,
if the farmer so desires.
5. All milk and egg books may be returned to the state offices so
that totsls, and average daily figures of dairy production may
be available to the farmer.
6. In spite of all the advertising concerning these .free services,
and the visits of various extension workers to all farms in the
district, less than 1"^ of the farmers listed within the juris-
diction of these tv.o agencies are availing themselves of the ser-
vices rendered.
These six statements lead to the conclusion that arithmetical figuring
of any kind is not carried on by a majority of farmers, and that which is
used is for the keeping of accounts dealing with United States currency.
Within this section, the extent of decimal usage is as follows:
1, The Deerfoot rarm notes its milk production for each cott at each
milking in terms of pounds and tenths of a pound. Weekly rating
sheets are added and averaged with averages being expressed in
pounds and tenths of a pound. This usage demands a reading know-
ledge of decimals to tenths, and the adding of tenths, and the
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division of tenths "by whole n-omhers.
2, The ifi of the farmers cooperating with State Extension Services
list the e^g production per hen per d^y. These are added each
month, and averaged with final a,vera^es "being e^^jressed in terms
of hundredths of an eg^. The adding and averaging is done hy a
clerk in the County Extension Service Office.
3. A reading laiowledge of decimals was noted at the Deerfoot Farms
in connection with the reading of a land map. This map had plots
of land divided off into acres and hmidredths of an acre. The
foreman was the map reader.
From the foregoing discussion of the extent of decimal usage in agri-
culture, it seems reasonahle to conclude that agriculture makes' little de-
mand on its employees for a fig^aring or reading knowledge of decimals.
Tahle XLIV states that 96^ of the farmers surveyed have no occupational
need for decimals whatsoever, while 2'^ are called upon to figure in deci-
mals, and 2fc- need a reading knowledge. These figures seem warranted and
are given in the sumnary tahles to follow as approximate insofar as the
agricultural classification is concerned.

CHAPTER VI
Illustrations of Decimal Usage
oOo

CHAPTSR VI
ILLUSTRATIONS OP lECIMAL USkGS
Throughout Chapter Five no effort was made to explain in detail any-
type of decimal usage revealed "by the personal- industrial-survey method.
It was the purpose of that chapter to determine the extent of decimal
usage in the occupations surveyed.
This chapter, on the other hand, presents an explanation of the
thirty-one decimal usages which were listed throughout the survey.
These thirty-one usages were referred to, as they occurred, in Coramn
(6) of all Tables which dealt with data gathered in a single industrial
plant. This Column (6) was always headed. Key to Decimal Illust .^
Nearly all of the decimal illustrations are titled hy a word, or
its abhreviation, followed by a number, such as the decimal usage,
Auto - 3 * number, which in this case is 3.» refers to the number of
decimal places in the decimal numbers which occur in that usage. It is,
therefore, apparent that for the decimal illustration, Auto - 3. all-
decimals occur to thousandths and to thousandths only . There is no
Auto -1, Auto - ?, or Auto - U, The reason being that no illustration
1 See Table II, page 32, Table III, page Hi, etc.
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of decimal usage was encountered which dealt with automobiles and which
used decimals to any other nuniher of decimal places. And so on, for
other decimal illustrations such as Budget - Cost -» "^ ^ etc.
There follows herewith an explanation of each of these thirty-one
decimal usages, the arrangement of which is alphabetical rather than
chronological.
Auto - 3
This usage. Auto - 3» is so temed "because of its association with
automobiles. The ^ refers to the fact that all of the decimals involved
in this usage occur to three decimal places. It is worthy of note that
this usage demands a reading knowledge of decimals only.
Automobile mechanics in checking the ignition system of gasoline
motors use a thickness guage. This guage is a composite of metal fin-
gers ranging in thickness from #005 (five thousandths) to .oUo (forty
thousandths) , The se fingers are used to measure the spark gap of spark
plugs or the breaker gap on contact points in the distributor.
The operation calls for the selection of the metal finger in the
guage marked according to the desired gap designated by motor specifi-
cations. The spark or breaker gap is then adjusted to the selected fin-
ger by opening or closing the gap until the finger Justs fits into the
gap opening. No computation of decimals is necessary. It is only ne-
cessary for the operator to realize that the present gap is larger or
smaller than the desired gap.
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This usage is indicated in Chapter Five on pages and 123 and
is learned on the job as a result of a few minutes of instruction.
Budget - 3
ij
This usage. Budget - 3. is so termed because of its associs-tion
with departmental budgets in factories and industries. The ^ means that
three place decimals occur in this type of decimal usage.
The task of keeping within a budget is not confined to home manage-
ment. Many industries establish budgets for their various depsitaents
with the understanding that any foreman who can keep within his budget
I
without impairing the efficiency of his department will be rewarded.
The decimal figuring used in connection with this matter is illustrated
as follows:
Mr. BroTm is foreman of the foundry in Company X.
His budget for the fiscal year ending Dec. 31 > 13^1
is $68,000,00. D-aring the year IpHl his department
operated efficiently at a total cost of $63,800.00,
which was a saving of $'^,200,00 over anticipated
costs. In terms of percent,
.062 or 0,2^
68,000) U, 200. 00
Other than subtracting two whole numbers, this usage calls for the
ji
j
division of a whole number by a whole number with the answer carried to
three decimal places.
This usage is indicated in Chapter Five on pages 76, 80, 101, 118,
I
132.
I Bond
This usage, Bond, is so termed because of its association with the
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b\iying and selling of bonds by banks and brokerage houses. Prices of
bonds generally are quoted in halves, quarters and eighths. However,
in governments the thirty-second is the unit, and in large bond trans-
actions the sixteenth is also used. The introduction of decimals comes
tn the conversion of these quotations into their decimal equivalents for
ease in computing actual buying and selling price, For instance:
Comwlth Ed cv 3^ 108
CM & SP ^ C 50^^
Am & For P 5
Del & Hud rfg U 55 5/
S
Treasury 3s 107.29 (meaning 107.29/3?)
These same bonds when converted to their decimal equivalents would be
worth:
Comwlth Ed cv 3i 108
CM & SP C 50.50
Am & For P 5 66.25
Del & Hud rfg U 55-625
Treasury 3s kZ-hG 107.90675
It is, therefore, apparent that 10, 25f or 100 of any such bonds
would be v^orth that times as much. The conversion from fraction to
decimal is a mental process lejerned by the salesman. The aritlimetical
process is, therefore, the mere multiplication of a decimal by a whole
number rounding off to the nearest cent. Standard commissions are then
figured according to tables provided by the brokerage house and based
on government regulation.
This usage is indicated in Chapter Five on pages ikf and lUg.
2 .(Quotations taken from the Worcester Sunday Telegram, March 28, 19^2,
page 19, Section I
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Chemistry ( Chem)
^
This usage, Chemistry or Chem
.
is so termed because it deals with
the realm of chemistry. It is meant to include all those laboratory
usages which deal with chemical analysis. The decimal usages discovered
there are many. Its subsequent relation to the public school co\arse of
study in arithmetic is, therefore, obscure and remote. Those engaged
in decimal usage of this type are trained chemists who have spent at
least four years in higher institutions of learning. Any dependency
which they have on the public elementary school to instract them in
their specialized handling of decimals is non existent. Their short
cuts by means of special rxxles for the placing of the decimal point
for slide rule calculations, their information of the decimal kingdom
with respect to metric units, their facility in the handling of log-
arithmic characteristics which are the key to decimal usage - all these
come under specialized training.
These things being true, no attenipt is made to elaborate upon
this usage. It is indicated in Chapter Five on pages 3^. 53t 76, 123.
125, 132 and l62.
Cost -3
This usage, Cost - 3» is so termed because of its association with
3 In most cases in Chapter V, the abbreviated form of the usage title
is used due to the fact that Column Six of the Tables is not suffi-
ciently wide to allow the entire word to be printed.
-05X-
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the cost or price of articles or services. The 3 refers to the fact that
all of the decimals involved occur to three decimal places.
Manufacturing establishments are not only interested in the cost of
raw materials, but project this idee of cost into every service that
comes within the direct or indirect production of their article. For
instance, the gasoline consumption per mile of their truck is of as vi-
tal concern as the cost of the raw material. The manner in which deci-
mals occur in such work is illustrated as follows:
Truck A traveled 1350 miles in March. Truck A used
112 gallons of gasoline in malcing the milea^-e of 1350
miles. Therefore, Truck A gets 12.053 miles to a gal-
lon of gasoline
12.053 miles per gallon
112)1350.000
The arithmetical processes herein used are the division of a whole num-
ber by a whole number v/ith the answer carried to three decimal places.
This usage is indicated in Chapter Five on pages 87, I05, and 137»
Cost - h
This usage. Cost - U, is so termed because of its association with
the cost or price of articles and services. The k means that four place
decimals are involved in this usage.
This usage might well be entitled, Cost Accounting, as most of the
persons involved with this type of decimal work are cost accountants.
Small business, as a rule, does not carry cost beyond three places.
Cost accountants, however, with the help of computing machinery carry
to four and sometimes five places. Big business accounts for all costs
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so that the efficiency of any department, machine, or tool may be care-
fully scratinized. It is only through such practices, that waste can
"be detected. A typical illustration of this usage follows:
Truck M used 6S gallons of gasoline during the week
of January 6th,
During that week, Truck U travBled 918 miles.
Therefore, Truck M averaged .O7U2
918)68.0000 gallons of
gasoline per mile traveled.
At loi^ per gallon, this means a gasoline cost per
mile for Truck M of .07^2 x l6.i^ or l.OOyS;*.
£1 like manner, oil, tires, insurance, and depreciation costs could be
computed.
The arithmetical processes herein used are the division of whole
mambers by whole numbers with answers carried to four decimal places.
Also the multiplication of four place decimals by whole numbers, (if
such costs were added together, it would be necessary to add four place
decimals together.)
This usage is indicated in Chapter V on pages 3^, ^1, ^8, 51. 53.
60, 77. 90, 101, 115, 118. 123, 125, 1^, and 162.
Discount
This usage. Discount, is so termed because of its association with
discounts granted by manufacturing establishments. Although many facto-
ries prefer to quote wholesale and retail prices, some hold to the trade
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disco-unt. These discounts are of the single ajid douhle variety. Text-
books in arithmetic provide ample practice in this subject. An illus-
tration of such usa-ge follows:
The Brown & Sharpe Company allows a trade discount
of lOf^ on all small tools.
This company sells a micrometer caliper #11 AES for
$8.50.
With the discount, this would be 85^ less or $7*65.
(85,5? being ICfi of $8.50)
Scholastically speaking, this usage involves the multiplication of
a two-place decimal by a two-place decimal (8.5O x .10) along with the
subtraction of two two-place decimals. However, 10^ being 1/10 of the
price most salesmen wo\ild figure such a discount mentally or by means
of the rule of thumb method.^
This usage is indicated in Chapter Pive on pages 30 and llU.
Drafting or ( Draft) ^
This usage, Drafting, is so termed because it deals with the various
decimal manipulations carried on by draftsmen. Strict handling of deci-
mals up to ten thousandths is required. It is indicated in Chapter Five
on pages 51, 77. 80. II5, 118, 123. and I37.
Engine Capacity ( Eng Cap)
This usage. Engine Capacity, is so termed because it deals with the
^ See page 11, footnote 27, for explanation of the rule-of-thumb method
for finding discounts of 5^» 10^, 20)e, etc.
5 The abbreviated form is used in the Tables of Chapter Five due to
space limitations

figuring of engine capacity. This usage is extremely specialized and
involves the use of an engineering handbook wherein formulae are given
for the computing of engine capacity of a stationary engine.
This usage is indicated in Chapter Five on pages 53, 105, 123, 125,
and 132.
Electrical - k (Elect - U)
This usage. Elect - U, is so named because of its association with
the field of electricity. The U refers to the fact that all of the de-
cimals herein discussed are expressed in four decimal places. This
usage is most specialized in nature and deals with the solution of for-
mulae determining line voltage, resistance, and other electrical prob-
lems. It is indicated in Chapter V on pages 80 and 137. s-nd is confined
to highly trained electricians (electrical engineers) whose training sur-
passes that given in the public elementary schools.
Engineering (Eng)
This us9^e. Engineering, is so termed because it deals with the
rather broad field of engineering. In the survey herein reported, there
were visited certain large industrial plants which employed men engaged
in research engineering. Their task was to work in the realm of theory
with the possible hope that an adaptation to reality might be made. The
paper and pencil work necessary in checking various stresses, strains,
compositions, etc. involve figuring in decimals as high as hundred
thousandths and millionths. As the adaptation to practicality was made.
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these figures would be roxinded off to thousandths or ten thousandths.
This was especially true in the matter of tolerances which when quoted
on "blue prints rarely exceeded thousandths - yet in the laboratory would
ran^e as high as hundred thousandths.
This usage is indicated in Chapter Five on pages 77, 80, 89, llU,
118, 1?3, and lUo.
gormulae - U ( Form - k)
This usage. Formulae - ^, is so termed because it deals with the
use of formulae. The h refers to the fact that all decimals herein des-
cribed occur to four decimal places.
Certain companies commonly use formulae which state very definitely
the amount of certain ingredients necessary for a certain compound or
mixture. As the required amount of the mixture varies from day to day,
these formulae are quoted in terms of a certain common unit of measure,
such as the gallon. For instsnce:
To prepare one gallon of Formulae X, use
Ingredient M - .00^2 lbs.
Ingredient Z - .06l2 lbs.
Ingredient - .1U62 lbs.
Therefore, if 65O gallons of this mixture are required, each of the above
ingredients would be multiplied by 65O. (The actual computing of the
original formulae is left to the experimental departments.)
The arithmetical processes involved in such a usage are the multi-
plication of a four-place decimal by a whole number. This usage is indi-
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cated in Chapter Five on pa^es Ul, 60, and 1?5.
Gau5;e - 3
This usa^e, Gauge -3, is so termed because of its association with
gauges. The 3, refers to the fact that all of the decimals involved in
this usage occur to three decimal places. It should also be noted that
this usage necessitates a reading knowledge only of decimals.
Many gauges used in the construction of automobile engines are cali-
brated to thousandths. Those persons reading these ga\iges must be able
to understand to what extent the reading on the gauge differs from the
expected or desired reading. The mauiipulation of machinery then adjusts
the tested part to the correct size. No figuring in decimals is required.
A reading knowledge, however, is most essential.
These gauges are of various types; namely, pointer, scale, fluid.
In all cases, however, all readings are in thousandths. None are in
tenths, hundredths or ten thousandths.
This usage is indicated in Chapter Five on page 76.
Interest
This usage. Interest, is so named because of its association lAth
the finding of interest charges. This usage is very familiar as all
textbooks in arithmetic propose many examples and problems to which this
usage applies. Although it is indicated on pages 1U5 and IU6 that most
of the banks use tables and charts for the figuring of interest charges,
the use of the interest formula
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i = p X r X t
is still common procedure among laymen.
.
This usage is illustrated as follows:
The average monthly balance in the Stillwell Savings
Bank Account of Mr. Williams is $15^.65. This is con-
sidered as $15^.00 for fig\iring of interest.
The present rate of interest is 3!^ P®r ann-am or 1%^
semi-annually. This is 3^ ('03) annually or 1^4 (.OI5)
semi-annually.
Interest is paid semi-annually by the hank. Therefore,
Mr, Williams in wishing to check the aaount of interest
due hiu for the last six months would multiply $15^.00
"by .015 and check his answer with the "bank statement.
Some hank clerks, as noted on page IU5 of this survey, prefer to
I figure interest charges on loans by this longhand method. The arith-
metical processes involved are the conversion of percent to decimal
equivalents and the maltiplication of a whole number by a three-place
decimal, (Two-place decima.! if percent is in even amounts) This usage
is indicated on page 1U7 of Chapter Five.
Medical (Med)
This usege. Medical, is so termed because it deals with the use of
decimals in the medical profession. It was stated earlier in this sur-
vey that no attempt would be made to survey the professional population.
The three million so listed in the United States Census have all engaged
in educational endeavor beyond that offered by the general public school.
It is the task of college preparatory institutions to prepare for the col-
.
lege demands.

It is of interest to note, however, that the decimal needs of the
average doctor or nurse are slight. The reading of a clinical thermo-
meter calls for a reading knowledge of decimals, and in some instances
the filling of a prescription precludes a knowledge of percent. How-
ever, for the sake of possible schooling in pre-medical days, all doc-
tors are conceded to "be decimal users.
This usage is indicated in Chapter Five on pages 77 and 89.
Micrometer - 3 ( Mic - 3 )
This usage. Micrometer - 3f is so termed because it deals with the
use of decimals when micrometers are used. The 3, refers to the fact that
only three place decimals enter into the discussion of this usage.
Prohahly the most common machine tool in America today is the mi-
crometer (and its related precision guage instruments). It is a tool
capable of measuring thicknesses to a thousandth or fraction of a thou-
sandth of an inch. The use and maintainance of precision machinery de-
mands the use of this tool. The decimal figuring arising from its use
might well "be illustrated as follows:
The broken part of a machine is a small shaft with a diameter
of 1,003 in. The nearest steel shaft available for replace-
ment measures 1,150 diametrically. This means a reduction in
the steel shaft of 0,1^7 inches.
Thus the machinist before he begins tooling the shaft has a very
good idea of the amount of reduction necessary.
It might well be noted that decimals in this type of work are always
in thousandths . A shaft of I.5OO inches would be termed one and five
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hundred thousands rather than one and five tenths. The word thousandths
is understood rather than mentioned in most on-the-joh problems. Por
instance, the above example would call for a reduction of "1^7" in the
diameter of the bar rather than "1^7 thousandths".
The arithmetical processes used in this usage are the addition and
subtraction of three-place decimals. This usage is indicated in Chapter
i
Five on pages 38. ^S. 51. 53, 5S. 60, 76, 77. SO, 87. 89. 115, US, 123.
125. 132, 137, and 1^ , and is the most common of the thirty-
one usages herein described.
Oil
- ?
This usage. Oil - 3» is so termed because it deals with the use of
decimals in the oil industry. The 3. means that only three place decimals
are involved in this usage.
It was indicated in the Atlantic Befining Company Study (page ^3,
Table IV, column 6) that much decimal usage of this type occurs in the
oil distributing companies. The illustration of this usage is as
follows:
The oil man delivers at year house 27O gallons of fuel
oil at a price of .O68 a gallon (G.Si) — he bills you
for this and totals your bill for $18. 36.
In a similar fashion, any delivery to a gasoline filling station
might prodace a bill such as the following:
?50 Mobilgas ® .IU7 36.75
5 Mobiloil#30 e ,60 — 3.00
39.75
^0 tf.-
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The arithmetical processes used in the application of this usage
is the multiplication of a whole number by a three-place decimal with
the answer rounded off to the nearest dollar and cent. This usage is
indicated in Chapter Five on page U3.
Paint - 3
This usage. Paint - 3» is so termed because it deals with paint.
The 3. refers to the fact that three-place decimals are involved in this
usage
.
I>ae to the fact that paints vary greatly in weight, it is impossible
to know just how many gallons of paint there are in a barrel by knowing
that the barrel is full. It is, therefore, the problem of the shipping
clerk to discover Just how much paint there is in each barrel before it
is shipped. His computational work is as follows:
Weight of empty barrel 3^ Ihs,
Weight of full barrel Ugl lbs.
Weight of paint (net weight) U15 lbs.
The tag on the outside of the barrel states that this
kind of paint weights 1^- 3/S lbs, per gallon.
Therefore, changing lU 3/2 to lU. 375, he divides the
net weight of the paint ('^15) W the gallon weight
of the paint (IU.375) to get the mimber of gallons
in the barrel
22.8 gallons
iU.375)Ui5.ooo
The arithmetical processes involved are the division of a whole n\im-
ber by a three-place decimal, (in some cases it would be a decimal by a
decimal as the paint might net a fractional weight. This usage is indi-
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cated in Chapter Five on page Ul and is the least common of the thirty-
one usages listed.
p^y - ?
This usage, Pay - 3. is so termed "because it deals with the payment
of wages. The ^ means that three place decimals are involved in this
usage.
Payment which involves the manipulation of decimals is "based on
figures as reported by the Time Study department of an industry. This
common procedure might be illustrated as follows:
Mr. Jones, a milling machine operator, is allowed a
wage of .125 for each piece thst he mills.
During a certain day, he coxints 90 pieces going through
his machine. His day's pay then is
.125
90
$ 11. ?5
The arithmetical processes involved in the calculation of this
usage is the multiplication of a whole number by a three-place decimal.
This usage is indicated in Chapter Five on pages 52, bO, and II5.
Plans - 3
This usage. Plans - 3» is so termed because it deals with blue
prints or plans of manufacture. The 2. indicates that decLmals of three
places are used in this illustration.
Certain machine tool industries where lathes, punch press machines,
drill press machines, etc. are in abundance make great use of blue print
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This is due to the fact that mass production is not possible where each
machine being constructed is of a different nature. Such use of blue
prints necessitates on the part of the reader some appreciation of de-
cimal language. This last statement is not meant to infer that all
readings on blue prints are in decimals as this is not so. Large measure-
ments are quoted in inches and their fractional parts. Tolerances, how-
ever, and small diameters are always stated in thousandths. Many a part
is described on a blue print as a certain length .005 (meaning that the
milling of the piece may be in error not exceeding 5 thousandths of an
inch either way). The operator in manufacturing the pieces under plan
needs to add or subtract thousandths constantly. In this way he knows
how close he is to the required length or width. Most of the computation
is mental.
The arithmetical processes involved in this usage are the addition
and subtraction of three-place decimals. This usage is indicated in
Chapter Five on pages 77 and Z^,
Salvage - 3
This usage. Selvage - 5. is so termed because it deals with the
salvaging of materials. The 2. refers to the fact that all of the deci-
mals herein discussed are to three decimal places.
Most concerns are very much interested in the salvage of scrap,
defective goods, etc. It is then quite fitting that larger concerns
establish their own salvage departments rather than selling all salvage
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directly to dealers in scrap metals. The concerns reporting this usage
are large concerns and, therefore, they cost account every item. An
illustration of the way in which decimals occur in this endeavor follows:
Job A nets scrap metal for salvage to the amount of
730 lbs. This scrap metal is worth $23,00 per ton, or
$0,013 per pound. Therefore, Job A salvage is worth
730 X .013 or $9.^9.
This usage is indicated in Chapter Five on page 80.
!' Sales - i - ^
This usage, Sales - ^ - 3. is so termed because it deals with sales-
men, and the percentage of their quota that they attain over a given pe-
riod of time. The ^ means that three-place decimals are involved in this
usage
.
Many concerns place their salesmen on a quota based on wh8.t is ex-
pected of them in the way of sales over a weekly or bi-weekly period.
At the end of the given period of time, their actual sales are compared
i'
I with the expected sables or quota, and their percentage of success regis-
tered. To illustrate;
Salesman Anderson is given a weekly quota of $150.00
on his bakery route.
At the end of the week, his total sales are only
$1^5-00.
Thus, he knows himself below the established quota —
what, however, is his actual percent?
He comTDutes as follows:
.968 or 9753^
150)1^5.000

This usage is indicated in Chapter Five on page hS. One person is
indicated in this survey as doing this computational work. This arises
from the fact that the salesmen involved do not figure the percentage
reported except in rough approximation. The arithmetical processes in-
volved in this usage are the division of a whole number "by a whole num-
ber with the answer carried to three decimal places.
Schedule - 3 ( Sched - 3)
This usage. Schedule - 3i is so termed because it deals with the
production schedule of certain highly organized biisinesses. The
_2. means
that three place decimals are involved in this usage.
Every operating movement in a large business is timed so that the
management may know exactly how long it will take to produce a certain
tool, machine, or product. Also, this timing is useful in the scheduling
of production. With mejiy departments responsible for the finished pro-
duct, imagine the waste of time if proper scheduling was not in force. In
an automobile concern it takes very careful sched\xling to have the fini-
shed chassis and the finished body converge on a certain point in the
factory at a given time. This timing is carried on in terms of thousandths
of an hour. Suppose, operation 11 takes .06U hours and there are 850 units
to pass through operation 11. There are 20 machines available for opera-
tion 11, Therefore, the total time for 350 pieces te-king »OGh hours each
is 5'+»^0 hours — divide this among the 20 machines and you get 2,370
hours as the time necessary for operation 11 on this order of 850 pieces.
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Thls means that the scheduling department must have another job ready
for the men on operation 11 just as soon as the P-.'^JO hours has elapsed.
The arithmetical processes involved in this usage are the multipli-
cation of a three-place decimal by a whole number, and the division of a
three-place decimal by a whole number. This usa^e is indicated in Chap-
ter Five on page 90*
School
This usage. School, is so termed because it deals with the trade
or apprentice schools surveyed in this dissertation.
It is indeed a far cry from the actual use of decimals in the fac-
tory to the use of them in a training or apprentice shop. The usage here
reported is that discovered in those industrial centers where apprentice
schools are carried on in connection with shop work. Although little
usa^e of decimals is discovered within the factory in question, the tra-
ditional scheme of decimal msnipulation is tc be found in the apprentices
course of study. Those who direct these schools can show no correlation
between such study and the on-the-job task. The mental training of such
work, however, is deemed of paramount importance. If such decimal work is
a necessity in such schools, it is suggested that it be taught as the
j
need for it arises rather than taught and forgotten before shop work be-
gins.
This usage is indicated on page 77 in Chapter Five,
i Soace - 3
This usage. Space - 3> is so termed because it deals with the amount
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of space devoted to advertisements, finances, news, etc. in the local
newspaper. The ^ means that the decimals herein discussed are of the
three-r'lace variety.
This particular usa^e of decimals was found to he peculiar to the
newspaper business. The Worcester Telegram-Gazette Company survey (page
100, 101) provides the following illustration:
The management is quite interested in the amount of each
newspaper devoted to advertising for it is from this
so\irce that the company derives its revenue. The even-
ing paper for January 20 contains 20 pages. Of these
approximately 7 are devoted to advertising. Therefore,
. 350 or 35/^ advertising
20)7.000
In like manner, sports, finances, etc. might be checked.
Such figures are of the utmost importance when the newspaper v/ishes to
sell advertising space to leading concerns.
This usage is indicated in Chapter V on page 101
.
Sports - 3
This usage Sports - 3 is so termed because it deals with the read-
ing of the sporting pages in the daily newspaper. This usage demands a
reading knowledge only, insofar as the reader of the paper is concerned.
One use to which decimals are placed by the average men is in read-
ing the sporting page of the newspaper. It is here that Mr. Average Ame-
rican citizen reads that his favorite baseball club stands with an average
of .68^ as compared with the league leaders' average of .705* Some text-
books in the field of a;rithmetic have introduced such work with the hope
that interest would be stimulated to carry on an extensive program in
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decimal manipulation. Insofar as tlais particular usage is concerned, a
reading knowledge of decimals is all that is required. That is, .oSU
is somewhat less than .705« The difference oeing .021 thousandths, an
answer easily derivable without any other Imowledge than the fact that
all figures stated in the illustration are in thousandths, and that
thousandths from thousandths are still thousandths.
This usage is indicated on page 101 in Chapter Five. Insofar as
the personal-industrial-survey is concerned it includes four persons.
It is, however, worthy of note tha,t these four persons are representa-
tives of a newspaper which reaches over 30C^00 persons, and this makes
it a most common reading usage.
Social Security ( S S)
This usage, SS, is so termed because it is the abbreviation for
Social Security, It is a common usage insofar as business houses of
our country are concerned. Very few individ'oals are not included in
this scheme of social reconstruction whereby the earning power of an
individual is diverted slightly so that upon reaching a reasonable re-
tirement age a steady pension is awarded him.
This usage has brought added computational work upon the office
forces of nearly every American industry. IJot only must the factory
include their contribution to this fund, but the worker must be forced
to contribute his 2"^ at the source of supply. To illustrate:
Mr. Adams earns this week $28.26
SS deduction . 56
27.70
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In reality, tables have been set up to deal with this work, tables
which take away from the employer or his office staff any computational
procediore. Therefore, it is only in those concerns where this procedure
is actually carried out at the time of visit, that any notation is made.
The arithmetical processes involved in this usage are the multipli-
cation of a whole number by a two-place decimal with the answer expressed
in dollars sud cents. This usage is indicated in Chapter Five on pa^es
38, Ui, 1+3. Us. 51. 53. 5S. 6l, 77. 90. and 105.
Stocks - 3r
This usage. Stock - 3^'. is so termed because it deals with the
handling of stock in the stock room of large factories. The 3, means
that three-place decimals are involved in the usage. The T is affixed
to denote that it is a usage which entails the figuring in decimals and
distinguishes this usage from the usage (Stock - 3 R) to follow.
Some concerns demand that their stock clerks be able to check the
number of pieces in a box by the weight of the box. That is, the net
weight of the box is ascertained by weighing the full box and knowing
the weight of the empty box. The contents of the box is stamped on the
outside and from a stock sheet, the stock clerk ascertains the weight
of one such piece of goods. He then, by the process of division, as-
certains the approximate number of pieces in the box, places a crayon
notation on the box and stacks it away until such stock is needed. To
illustrate:
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Altert, a stock clerk, finds the net weight on a box
of iron castings (#87bU?) to be gj. lbs. (taken to the
nearest pound)
.
According to the stock sheet, this type of casting
(#876U2) weighs .0U2 lbs. each.
Therefore, by division
2071 pieces
.0U2) S7.000
This notation he places on the box for further use.
The arithmetical process involved in the usage is the division of a
whole number by a three-place decimal with the answer carried to even
numbers only. This usage is indicated on pages 38, 80, 115, and 118.
in Chapter ?ive.
Stock - 3R
This usage, Stock - 3^1 is so termed because it deals with the
handling of stock in the stock room of factories. The ^ means that
the decimals herein used are three-place decimals. The E refers to
the fact that a reading knowledge of decimals is all that is required
of this usage.
This usage differs from the one previously recounted. Stock - 3^'.
in that the person or persons involved only read the decimals. They
make no pretense of figuring with them. It happens that much iron and
steel stock comes quoted in thousandths. That is, insofar as thick-
ness is concerned. For instance, copper sheathing might be .155 thick,
or copper tubing might be ,185 thick. It is the task of these stock
clerks to fill the orders from departments. These departments order
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steel, copper, gold, etc. of a certain thickness and size. The clerk
must be able to recognize those sizes. A good clerk with a knowledge
of decimals would know approximately how much
.255 was, tlierefore, would
not look for stock much thicker than that.
This usage is indicated in Chapter Pive on pages 80, 87, 89, 118.
Time-Keeping ( T K)
This usage. Time Keeping, is so termed because it refers to the use
of decimals in the keeping of the ajnount of time spent in labor.
Electric time clocks stand posted at most employee entrances to
factories. Whether the rate of pay be by the hour or by the piece, em-
ployers wish to know the amount of time spent on the job by their many
workmen. These electric clocks, at first made to resemble the large
house clock, are now graduated to the hundredth of an hour. This faci-
litates the keeping and figuring of total hours worked. To illustrate:
John Adams punches his time card for Monday as follows:
IN OUT
7.50 12. OU
1.16 5-8U
This means that in the morning Adams worked h,^h hours
(12,0U - 7.50 = 5^-) and in the afternoon he worked
U, 68 hours (5.8U - l.lo = U.6S). This gives him a to-
tal hourage for Monday of 9.22 hours (U.5U 68 r 9.22).
At the end of the week, the daily totals are added to-
gether to determine the total hours worked that week.
The arithmetical processes involved in this usage are the addition
and subtraction of like decimals. This usage is indicated in Chapter

Five on pagell5«
Time Study - k ( TS-U)
This usas;e, TS - is so termed because it is an abbreviation for
Time Study - U. The usage herein recounted deals with the work of the
Time Study department of any large industry. The U means that it is
four-place decimals with which this illustration deals.
Probably no department of industrial administration has grown more
rapidly than the Time Study or Efficiency Experts department. It is this
department that provides the times needed on various operations thus
allowing the scheduling department to operate effectively (See page IS^)
.
It is the duty of this department to scientifically study the time needed
for each productive operation, reduce said time to a four-place decimal,
determine a fair price to pay for said operation, and list all the labor
costs for the management. To illustrate:
Mr. Jones, a time-study man, clocks a certain milling
operation as taking 9 minutes to produce 100 pieces.
9 minutes is .1500 hours. Since that is the time needed
for 100 pieces, 1 piece can be milled in .0015 hours.
Thus, to figure the cost of milling that one piece, we
take the time required (.0015 hours) and multiply by
the workman's hourly rate of say, SO^*. This brings the
cost of milling to .1200^f (.0015 x SO^f) .
In this way, any milling operation can be studied from the time and
cost point of view.
The arithmetical processes involved in this usage are multiplication
and division of a fcar-place decimal by a whole number, and the division
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of a whole nuaber "by a whole numher with the answer carried to four de-
cimal places. This usage is indicated in Chapter Five on pa^es 58, 77
•
and 90.

CHipm VII
General Summary and Conclusions
oOo

CHAPTER VII
GEKEEAL SUMli^ARY AND CONCLUSIONS
The extent to which decimals were found to be used in our occupation-
al world was discussed in detail in Chapter Tive. Eighty-nine industries
representing twenty of the twenty-three general occupational classifica-
tions (as set forth in the Fifteenth Census Report of the United States)
and employing more than 68,000 persons were surveyed by the personal-indus-
trial-survey method. Each of the twenty census classifications were dis-
cussed in a separate section of Chapter Five, At the beginning of each
section a summe-ry table was presented which listed the industries surveyed
in that section and the division of their personnel according to the amount
of decimal knowledge needed at their work. Table XLV to follow brings to-
gether in summary form the data presented in these twenty summary tables.
Comparison of data can best be made by noting the percentage of employees
in each classification who are required to figure in decimals, read deci-
mals, or have no need for decimals while at work. Comparison of total num-
bers from section to section would result in a distorted viewpoint due to
the wide variation in number of persons surveyed from section to section.
Table XLV follows:
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Table XLV Showing the Extent of Decimal Usa^e in the Twenty
Census Classifications Sarveyed
(1)
Census Classification
(2)
XOwcLL
in
Survey
(3)
Number
Figuring
Decimals
(1+)
Number
Heading
Decimals
(5)
flumDer
Not Using
Decimals
Number No. % No. % No. %
1. Chemical Industries 396s 4S1 12.5 20 0. 5 3I+67 87.2
2. Food Industries IU03 121 8. D 129 9.1 1153 82.3
3. Textile Industries 2353
-7-7 3.2 b 0.2 2270 96.5
U. Clothing 1150 OU 5.2 0.0 1090 9U.8
5. Fishing and Forestry- 160 nu u. u c. 1 pX. c 158 9S.8
6. Machinery - Vehicle 33790 In 7 7I • I 27071 80.1
7. Metal Industries 1660 h.00 PR U 1 72Xf 1 n 7 1060 63.9
g. Lumber and Furniture 6U0 0-R 612 95.6
9. Paper Industries 895 U Z7 1+ 1 822 91.9
10. Leather Industries 1125 1 5?X. 1105 9S.2
11. Miscellaneous Mfg. 111+83 7Q P 3163 27.6
12. Clay - Glass - Stone 3H8U 52 1.7 25 0.1 31+01 97.6
13. Transport. - Cominunic. 1+131 2.1 lU 1+029 97.6
Trade 1 QT ?0 ?C-W • c 16XL/ 2 17$? 71 KX^O ^X.^
15. Wholesale - Betail ks 1 2.0 3 6.0 1+5 9^.0
16. Public Service 990 2U 2.1+ 0.0 966 97.6
17. Domestic and Personal 93 0.0 0.0 93 ro.o
18. Mineral Extraction U27 lU 3.3 2 0.5 1+11 96.2
19. Building Trades «*« i+.o ** 0.0 96.0
20. Agriculture U7 1 2.0 1 2.0 1+5 96.0
Grand Totals 68OU3 9^17 7525 51101
Mean 7.5+^ i+.6^ 88.2«g
Median 3.6^ 0.5^ 95.
It '
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Table XLV is read as follows: Line 1 gives the dbata for the Chemical
Industries in summary form. There were 3t968 persons employed in the Che-
mical Industries surveyed as descrited in Chapter Five, Section One. These
3,968 persons divided themselves as to decimal usage as follows: ^81 or
12.5/^ were found to figure in decimals while at work; 20 or 0.5^ were
listed as needing a reading knowledge of decimals; and the remaining 3»^67
or 87»?^ were found to have no occupational need for decimals whatsoever.
Line 2 gives a similar summary for those persons surveyed in the Food Indus-
tries. The data columns are totaled at the foot of the tables, and the peiv
cent columns in columns (3) (^), ancL (5) are summarized by giving the mean
and median averages for the columns. In the next to the last line of Table
XLV xmder the heading of Building Trades no numbers are given, ^ but the per-
cents are stated in columns (3), (^), and (5). This is caused by the lack
of persons directly surveyed under this census classification. The percent
s
are given as stated in Chapter Five, Section Nineteen, page l69- These da-
ta show that 68,0^3 persons are included in this survey of occupational de-
cimal usage, and that the vast majority of them (using either mean or me-
diaji for column (5) ) are not called upon to figure or read in decimals
while at work.
From Table XLV it is apparent that the following census classifica-
tions include industries which list more than 25/^ of their surveyed popu-
lation as decimal users:
1>. See Chapter Five, Section Nineteen, page I6U.
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Percent Percent
Classification Figarin^ Reading
Metal Industries 25.1+5^ 10.
Miscellaneous Mfg. 33.0^ 39. 2^^
Trade 20.2^ g.35&
Three other census classifications include industries which require
Bcre than 10;^ "but less than 25^ of their personnel to use decimals while
at work:
Percent Percent
Classification figuring Reading
Chemical Industries 12.5^ 0.5^
Pood Industries 9.1^
Machinery - Vehicle 12.2^ J.J%
The remaining fourteen census classifications or 70^ of census
classifications list less than 10^ of their surveyed popiilation as using
decimals while at work. Ten of these fourteen or 50/^ of the census classi-
fications surveyed "being under 5^ and the remaining four being less than
10^.
If distinction is made between the figuring in decimals and the reading
of decimals, the census classifications would divide themselves as follows:
Fifteen of the twenty census classifications require less than 10^ of
their employees to figure in decimals. This represents S0% of the census
classifications. Two out of the twenty or 10^ require more than 25^ of
their employees to figure in decimals. These two classifications are the
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Metal Industries and Miscellaneous lAanufacturing. The latter is repre-
sentatire of the precision tool manufacturing concerns of the country,
while the former uses many precision measuring instruments in the manu-
facturing of their product.
As for needing a reading knowledge, eighteen of the twenty classifi-
cations list less than 10^ of their employees as reading decimals on the
joh. This constitutes 30% of the census classifications.
Stated in terms of the mean average of percents in columns (3), (H),
and (5):
1. 7«^5^ t^® surveyed population is called upon to figure in
decimals while at work.
2, of the surveyed population needs to posses a reading
knowledge of decimals.
3» 88.2^ have no occupational need for decimals whatsoever.
Graphically these avera^ges would appear as in Figure 33^
Fig. 33' Showing mean average use of decimals in the twenty
census classifications - figuring, k»Gfo reading,
and 88,2^ having no occupational need for decimals.
Stated in terms of the median average^ of the percents in columns (3),
2, The median average is recommended for the measure of central tendency
when there are extreme measures which would affect the mean dispropor-
tionately. See Garrett, H. E. , Statistics in Psychology and Education
.
Longmans Green Co., New York, 1937» page 29.
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(U). and (5) of Table XLV:
1. 3«6^ of tlie surveyed population are called upon to figure in
decimals while at work.
2. 0.5/^ need a reading knowledge of decimals.
3. 95* of the surveyed population have no occupational need for
decimals \(4iat soever
.
Graphical ly these averages would appear as in Figure
Pig. Showing median average use of decimals in the twenty
census classifications - 3*6/^ figuring, 0.5fo reading,
95» 8^ having no occupational use for decimals.
yrom the foregoing summary tables and graphs the following conclu-
sions concerning the extent of decimal usage in the occupational world
seem reasonable:
1. No general conclusion concerning the extent of decimal usage in
all occupations can be made other than to state that the percent
of persons having no occupational need for decimals is far great-
er than the percent called upon to figure or read decimals while
at their work, or their combined total.
2, Persons employed in Metal Industries, Trade Organizations, and
Miscellaneous Manufacturing have naich greater use for decimals
-r. ' rj.
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at their work than those employed in any other kinds of occu-
pations.
3. Fourteen of the twenty census classifications or 70^ list less
than 10^ of their surveyed population as decimal users in any
way - ten of these showing 5^ or less.
4. Such summary statements bear out the results of previous limited
investigations #iich stated that few persons are called upon to
make use of decimals and their correlative decimal processes in
the occupational world.
^
Notwithstanding the above conclusions, summary tables are now pre-
sented to classify the data of Chapter Six dealing with the kinds of de-
cimals discovered being used and the types of decimal usage encountered
"by those persons listed in Chapter Five as figuring or reading decimals
while at work.
These decimal usages, thirty-one in number were discussed in detail
in Chapter Six (page I76). They are first discussed on the basis of their
frequency of occurrence. Table XLVI to follow lists the decimal usages in
order of their discussion in Chapter Six and lists the number of factories
reporting such usage and the percentage of persons in that particular occu-
pational classification using that usage while at work. It is, therefore,
possible to note the extent of these decimal usages and thereby list those
usages most frequently discovered by the survey. Table XLVI follows:
3. These investigations are listed in Chapter Two, Background Studies,
pages 2? and 23, and were conducted by M. E. Dalrymple, J. E. Buckley,
and 0. M. Lindberg.
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Tatle XLVI Showing the Preouency of Occurrence of the Thirty-
One Decimal Usages Among Factories and Personnel
(1)
Decimal Usage
(2)
Number of
Factories
Using
(3)
Number of
Employees
Using
Percent that Fi-
gure in Column
(3) is of total
employed in Fac-
tories - Using
1 Autft -7 2 11 0.70^
R
!? V/. \JC7p
7
1
70*^
5» l/OSb 17
D» wOSu T Qo41
f • X/XSCOUIlv C. mJLXX p Un<l^
7f O.PO'^
9. Engine Capacity 5 17 0.305^
10. Electrical 2 llli 0.70^
11. Engineering 7 350 i.90f«
12. Formula - k 3 3U 2.905^
13. Gauge - 3 1 23 0.20^
lU, Interest 1 10 30.00^
15, Medical 2 116 0.30?^
16. Micrometer - 3 18 3586 6.60^
17. Oil - 3 1 7^ 81.10^
18. Paint - 3 1 1 O.905S
Jr.
r
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Table XLVI - continued
(1) (2) (3) (U)
Decimal Usage
Number of
Factories
Using
Number of
Employees
Using
Percent that Fi-
gure in Column
(3) is of total
employed in Fac-
tories - Using
19. Pay - 3 3 2U57 52.10^
20. Plans - 3 2 790 2.6o^^
21. Salvage - 3 1 3»* 0.10^
22. Sales - - 3 1 1 0.10^
23. Schedule - 3 1 23 1.90^
School 1 208 o,6o$t
25. Space - 3 1 7 0.10^
26. Sport - 3 1 U
27. Social Security 11 3H 0.305^
28. Stock - 3F 5^3 1.^40^
29. Stock - 3R 81+2 2.1405^
30. Time Keeping 1 8 0.20^
31. Time Study - h 3 121 0.30^
Table XLYI is read as follows: line 1 states that the first decimal
usage. Auto - 3i is reported used in two of the factories in this survey,
and that in those two factories eleven employees encounter this usage.
These eleven employees make up 0.70/^ of the total number of persons em-
ployed in those two factories. In a similar fashion, it may be learned
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that the decimal usage, Budget - 3, is reported as being used in five of
the factories surveyed by 201 employees, who make up 0.62^ of the total
persons employed by those five factories.
It is, therefore, possible by observing the data as set forth in
Table XLVI to discover which decimal usages are more commonly used in the
factories surveyed, and which usages are encountered by the greatest per-
centage of persons within those industries. From Table XLVI, the follow-
ing conclusions seem justified:
1. Of the thirty-one decimal usages discovered in this survey, only
six are used by five or more of the eighty-nine surveyed indus-
tries. These six usages being:
Cost - U 15 industries — cf P* ISl
Drafting —
•
7 industries cf P» 183
Chemistry — 7 industries — cf P' 180
Engineering 7 industries — cf P» 18U
Micrometer IS industries — cf p. 188
Social Security — 11 industries — cf p. 197
i six decimal usages listed above, data in column (
veals that four of them list less than \% of the aggregate em-
ployees in those industries as engaged at that type of decimal
usage. Those four are: Chemistry (0.30^), Cost - k (0.905^),
Drafting (0.90^), and Social Security (0.30^).
The remaining two of the former six show percentages of 1.90^
for the usage entitled, Engineering, and 6. 60^ for Micrometer-3.
4 VtA
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It is, therefore, apparent that only one of the thirty-one
usages is at all universally used, and that usage is Micro-
meter - 3*
One other summary table is yet to be presented dealing with the mat-
ter of decimal usage as discovered in the industries surveyed. Whereas
Table XLVI summarized the extent to which the thirty-one decimal usages
were encountered In the occupations surveyed, Table XLVII will present
in summary form the types of decimal fractions manipulated by those per-
sons figuring or reading in decimals while at work. That is, in each of
the thirty-one decimal usages some decimal fractions necessarily were used.
Table XLVII states which decimal fractions were used in these usages, and
whether or not a usage demanded the manipulation of more than one kind of
a decimal fraction. Table XLVII follows:
Table XLVII Showing the Thirty-One Illustrations of Decimal
Usage Together with the Type of Decimal Occurring
Therein
Decimal Usase Type of Decimal Used
E3cplained
on Page
!• Auto - 3 Thousandths 177
2. Budget - 3 Thousandths 178
3. Bond Hundredths to Ten Thousandths 17s
k. Chemistry All kinds 180
5. Cost - 3 Thousandths 180
6. Cost - k Ten Thousandths 181
7. Discoiint Hundredths 182
g. Drafting Thousandths 1S3

Table XLVI I - continued
Explained
Decimal Usage Type of Decimal Used on Page
9. Engine Capacity Thousandths 183
10. Electrical Ten Thousandths ISU
11. Engineering Tenths to Hundred Thousandths ISU
12. Fonmila - k Ten Thousandths 185
13. Gauge - 3 Thousandths 186
lU. Interest Hundredths 186
15. Medical Tenths - Hundredths 18?
16. Micrometer - 3 Thousandths 128
17. Oil - 3 Thousandths 189
18. Paint - 3 Thousandths 190
19. Pay - 3 Thousandths 191
20. Plans - 3 Thousandths 191
21. Salvage - 3 Thousandths 192
22. Sale - ^ - 3 Thousandths 193
23. Schedule - 3 Thousandths 19^
2k, School All kinds 195
25. Space - 3 Thousandths 195
26. Sport - 3 Thousandths 196
27. Social Security Hundredths 197
28. Stock 3 P Thousandths 19g
29. Stock 3 R Thousandths igg
30. Time Keeping Hundredths 200
31. Time Study - k TenThousandths 201
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Table XLVII is read as follows: In the usage, Auto - 3, the Icind of
deciual fraction used is thousandths. This ina7 he substantiated by re-
ferring to page 177 wherein the explanation of this usage states that
thousandths or three-place decimal fractions are the only kind of decimals
found in this type of decimal usage. In like manner, line 2 of Table XLVI
I
shows that the usage, Budget - 3» (page ^73) also uses decimals of the
thousandths magnitude. In both of these usages, it is to be noted that
only one kind of decimal is used. This is not universally the case as is
shown in line 3 which states that the usage. Bond, (page 178) demands de-
cimsd fractions ranging from a magnitude of hundredths (two-place decimals)
to ten-thousandths (four-place decimals). Also line U of Table XLVII lists
the usage. Chemistry, (page 180) as using decimals of all magnitudes. It is*
therefore, possible from Table XLVII to note whether or not usages in gene-
ral as listed in Chapter Six of this survey call for a specific magnitude
of decimal fraction or whether there is no set plan of decimal fraction to
be used. From Table XLVII the following facts are evident:
1. Of the thirty-one decimal usages listed in Table XLVII, eighteen
of these (5850 use decimals of three places only.
2. These eighteen usages involvngthe use of thousandths only include
Drafting and Micrometer which are recognized as being listed pre-
viously in Table XLVI as the more common usages with Micrometer
being noted as the most common decimal usage.
3. Four (or 12.8^) of the thirty- one usages listed use hundredths
or two-place decimals exclusively. These four are Discount
— 1».
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(line 7), Interest (line ik) , Social Security (line 27), and
Time Keeping (line 30).
U. Fo\ir (or 12.8^) of the thirty-one listed usages calls for ten
thousandths or four-place decimals exclusively. These three
are: Cost - U (line 6), Electrical (line 10), Formula (line 12),
and Time Study (line 31).
5» Three (or 9*75^) 0^ the thirty-one decimal usages use more than
one kind of a decimal fraction ranging from tenths (one-place
decimals) to not higher than hundred thousandths (six-place
decimals) •
6. The remaining two of the thirty-one decimal usages call for
all kinds of decimals in their usage. These two are Chemistry
(line 5) and School (line 24).
It may, therefore, be concluded:
1. Twenty-six of the thirty-one decimal usages listed in Chapter
Six use a definite decimal fraction. That is, if the usage
starts out with a decimal of thousandths magnitude (three places)
it uses thousandths exclusively throughout the usage and at no
time does it involve a decimal of more or less decimal places
than three. If, however, the usage begins with two-place deci-
mals (hundredths) then hundredths are the only decimals needed
or used in that usage.
2. The remaining five usages of the thirty-one show a range in the
type of decimal used. These fiveuses are: Bond (page 178 )
,
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Chemistry (page ISO), Engineering (page ISk) , Medical (page
187), ancL School (page 195).
3. By far the most common decimal fraction insofar as these usages
are concerned is the three-place decimal, thousandths, which
occurs in of the cases as the only decimal used and when the
other usages are included which use thousandths as well as other
decimals, this percentage is raised to 7^^» This means that in
three cases out of four, thousandths is the decimal used, and in
over one case out of every two thousandths is the only decimal
used. The typical figuring in thousandths is Micrometer
shown in Table XL7I (page 210) and is illustrated in Chapter Six,
page 1S8.
From the foregoing discussion and Tables XLV, XLVI, and XLVII the
following general conclusions are drawn:
1. The extent to which decimals are used in the industries surveyed
is limited to a small minority. This minority ranges from U.l^
to 11.0^ depending on whether the mean or median average is used.
More explicitly stated, we know that from 3»6^ *o of the
surveyed population are called upon to figure in decimals while
at work whereas 0.5^ to U. 6^ are called upon to read decimals
while at work.
2. The decimal fraction most commonly used by this minority is the
three-place decimal, thousajidths.
3. In almost every case where this common decimal is used, no decimal
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of any other denominator enters the manipulative or reading
picture.
The use to which decimals are placed in the surveyed industries
varies from factory to factory. The most common usage occurs in
the use of the micrometer or gauges of comparable accuracy, and
here it is largely reading alone that is necessary.

CHAPTER VIII
Implications
oOo

CHAPTEE VIII
BIPLICATIONS
This is a study of decimal usage in industry. The dissertation is
really complete with the close of Chapter VII, but since this study was
undertaken from an educational point of view, one other question should
"he raised and discussed, viz., What phases of work in decimals as usually
taught in the schools have value sufficient to justify continuance on a
drill mastery basis?
The term, drill mastery basis , is used to designate that type of
teaching that has as its aim the memorization of facts and skills used so
commonly that 100^ reproduction of them without the aid of reflective
thinking can be justified.
While the present stxady has not undertaken to answer that above
question as applied to decimal teaching, it has no doubt assembled the
most pertinent and significsmt data yet assembled bearing on this q\xes-
tion. If an analysis of the decimal needs of over 68,000 persons in 89
industries representing 20 of the 23 occupational census classifications
of the United States shows that about S0% of this number have no occupa-
tional need for deciaals, not even reading knowledge, and if those who do
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figare in decimals are for the most part specially trained in higher in-
stitutions of learning or on the job, is not one forced to question seri-
ously the continuation of the drill mastery program of systematic teaching
of all types of decimals and their correlative processes in the elementary
schools?
According to recent arithmetic textbooks-'- this systematic teaching of
all decimals and decimal processes incorporates the following steps:
1. Students are motivated by life-like situations such as the reading
of baseball scores in the newspapers or the trip mileage of an
automobile speedometer to redize that the reading of decimals is
necessary to adult living.
2. A chart explaining how to read decimals is presented, and stu-
dents are given instruction and drill exercises so that they can
read not only the decimals occurring in the illustrations given
from daily life, but also all decimals up to millionths . A sam-
ple exercise follows:
Read the following decimals^
.7 .25 .916 7.00897 9.000505
3. A reading knowledge of decimals established, life-like situations
are introduced to show students that the ability to add and sub-
tract decimals is necessary. The work is based on problems in-
volving dollar and cent transactions. Illustrations might be:
3
.73 .63 .75
.2U -.29 -»U3
.9S
.7^
.63
29
1 (a) Strayer, G. D. & Upton, C. B. , Social Utility Arithmetics , Book Four ,
American Book Company, New York, 1937
1 (b) Clark J. R. et al, Modern-School Arithmetics . Eighth Grade, World
Book Co., New York, 193^
2 Ibid (la), pg. U16
3 Ibid (lb), pg. 30
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U. When sufficient accuracy is obtained at this level, the
addition and subtraction work is extended to include the
adding and subtacting of all decimals irrespective of
their degree of magnitude. Illustrations:
Add: Subtract:
6.28 U.
3.2 ,167
.88
5* Multiplication of decimal fractions is introduced by examples
in which a sum of money (dollars and cents) is multiplied by
a whole number. The life-like situation for this type of
teaching is usually based on the earning of money at a daily
rate, and computing the weekly or monthly earnings. Illus-
tration: 5
Tom's brother earns $5.75 ^ <3.ay» Last month he worked
22 days. Hot' much did he earn that month?
6. Multiplication of decimals is continued to include the mul-
tiplication of a whole number by a decimal and finally the
multiplication of a decimal by a decimal. Illustrations:^
628 52.
7
X.062 X .^4-7
7* division of decimals is introttaced in a fashion similar to
multiplication in step 5. A life-like problem is posed using
dollars and cents as the decimal. Illustration:
7
Mrs. King paid $5.60 for 5 yds. of silk. How much
did one yard of silk cost?
5)$ 5.60
8, The final step is the division of a decimal into a whole num-
ber or into a decimal. Illustrations:^
.51) 16269 7.7) .^1811
ibid (la), page U25 and U30
5. ibid, page U36
6. ibid, page UUO
7. itid, page UU9
8. ibid, page ^+75
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The abOTe illustrates the drill procedure. It Includes all types of
decimals and decimal processes. The work is supposedly motivated by life-
like situations and then any work not so motivated carries the implication
that it will be needed at some future time in either the daily life of the
person or in his occupational work. At all iimes the following drill cri-
teria are implied:
^
First: If the material is not useful enough to be needed often in
daily life, it not drill material.
Second: If it is drill material, only one response is correct.
Therefore, exact reproduction is required. Therefore
only 100^ results are acceptable.
Third: For drill results, the load must be small enough to permit
success. Success is essential. It provides motivation.
It prevents twists of personality. If the load is large,
drill purposes are defeated.
The first criteria listed aboire specifies that drill is material
"needed often in daily life". What then are the decimals and decimal
processes "needed often in daily life"? As this survey reveals only the
occupational need for decimals on the part of individuals, it is neces-
sary to answer this question in two parts:
1. What decimals and decimal processes are needed often in
daily life exclusive of occupational tasks?
2. What decimals and decimal processes are needed often in
the occupational life of persons?
Although the first question is not answered by this survey, this
study did assume at its inception that extended decimal usage, if found
anywhere, would be found in industry. This assumption was based on pre-
9. Wilson, G. M. , "What Research Reveals on Proper Drill Content of Ele-
mentary Arithmetic", Mathematics Teacher
.
XXVIII:447-81, Dec. 1935.
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ious research already quoted in the second chapter of this dissertation
entitled, Background Studies . The studies quoted were those made by Wil-
son, Wise, and Dalrymple (M.E.)» Wilson and Wise found that decimals oc-
cur in less than 1 case out of 2000 where daily usage arithmetic is re-
ported, -^^ and Dalrymple indicated that a reading knowledge of decimals is
confined to those persons engaged in reading technical magazines. Decimals
occur seldom in non-technical publications,^^
The second of these two questions is answered by the survey here re-
ported which indicates that decimal usage is confined to a small minority
of persons employed in industry, and previous studies by Woody (pages 10
and 11) , Charters (page 11) , Buckley (page 23) , and Lindberg (page 2U)
bear out this result.
It is, therefore, difficult to maintain that decimals are needed often
enough in daily life to Justify the drill mastery procedure as outlined
above* The minority who are called upon to figure or read decimals at their
work are not dependent on the elementary school for their training as they
are specially trained in higher institutions of learning or after they have
teen on the job. This training is highly technical and would not be appli-
cable at the grade school level of interest.
It would appear, therefore, that the curriculum maker might well take
cognizance of this fact: namely, that industrial and home demands for de-
cimals are not as widespread as heretofore believed and urged by textbook
10. Wilson (page 9) listing only 7 out of lU,583 problems from daily life
(exclusive of occupational work) as decimal problems and Wise (pages
9 and 10) reporting "practically no use of decimals whatsoever except
those occuring in connection with United States money".
11. See page 1^.
Tift
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writers. Decimals that are needed in daily life iiould be taught. These,
for the most part, embrace a reading knowledge of decimals up through ten
thousandths (compare this with item (2) page 220), with especial emphasis
being given to thousandths as this is the most common decimal found to be
used in industry (page 213 2lU) ; a simple knowledge of the addition
(compare with items 3 and 8 on pages 220 and 221) and subtraction of like
decimals as is needed in the mental processes in connection with the most
common decimal usage (pages 210 and 211); and the introduction of appre-
ciation units-^^ in those communities wuose homes find a need for decimals
in connection with household or common industrial tasks. Such household
tasks might well include the making out of a state or federal income tax
(and the subsequent cooiputation of the G)o or 13/^ Involved); the figuring
of a fuel oil bill (see page 189); or the computing of wages based on a
wage incentive plan (pages 113, 191)'
An appreciation lanit in decimals such as would occur in the filing of
a state or federal income tax would proceed as follows:
1. The unit would come at a time when such tax blanks were
being filled out.
2. The unit would be nart of a larger unit entitled. How
Taxes are Earned and Spent , in which the social studies
would be the controlling factor and correlation with
English, reading, arithmetic, spelling and art would be
inevitable.
3. Tax blanks would be on hand, and each student would sub-
mit data comparable to the home from which he or she comes.
12. Such as developed by H. Harap and C. E. Mapes and based on everyday
situations as suggested by a particular class. See Harap, H. & Mapes,
C. E.
,
"Learning Decimals in the Arithmetic Activity Program", Journal
of Educational Research
.
29:6s6-93, 193o.

U, The actual figuring of the tax would be e^cplained by pupil
and teacher, and the mechanical skill involved in finding
6^ or 13/^ would be discovered by the inductive method. The
actual amount of decimal usage involved would be slight, and
if students could better figure the tax without using deci-
mals, the procedure should be encouraged.
5. Each student would check at least two other tax tables for
arrangement and computation.
It is true that little work in pure decimals as developed in stan-
dard arithmetic textbooks appears in the above unit. Nevertheless, the
decimal teaching develops naturally from actual situations. The good
teacher should know that decimals are little used in life, but that the
decimal concept is a powerful and useful one in our number scheme. She
should be prepared to capitalize child experience or even create meaning-
ful situations as did Harap, the purpose being not drill mastery, but
general understanding, fair appreciation, and a workable reading knowledge
to thousandths and ten thousandths. The justification for instruction in
decimals and decimal processes beyond this point, except in the case of
students of unusual mathematical ability or interest, must come from
educational philosophies foreign to the social utility theory.
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Appendix D
Partial Timetable Taken from General Timetable
Issued by the Boston & Albany Railroad
HIGHLAND BRANCH
EASTWARD—FIRST-CLASS TRAINS
STATIONS MUei
258 262 264 268 270 272 280 276 284
Daily ex. Daily tx. Daily ex. Daily ex. Daily ex. Daily ex. Sunday Daily ex. Sunday
Sunday Sunday Sunday Sunday Sunday Sunday only Sunday only
B H B H Z BHSwNott B See Note B H B B Z B B
A.M. A.M. A.M. A.M. A.M. A.M. A.M. A.M. A.M.
Riverside. . . .L. 0.00 s 5.20 s 6.25 6.35 s 6.44 s 7.03 s 7.29 s 8.20 s 8.30 slO.30
Woodland .69 s 5.22 s 6.27 s 6.48 s 6.57 s 7.15 s 7.31 s 8.22 s 8.32 slO.32
Waban 1.71 s 5.24 s 6.29 s 6.52 s 7.00 s 7.19 s 7.34 s 8.25 s 8.35 slO.35
Eliot 2.55 s 5 .26 s 6.31 s 6.55 s 7.03 s 7.22 s 7.36 s 8 .27 s 8 37 slO.37
Newton H'lds.
.
3.31 s 5.28 s 6.33 s 6.58 s 7.05 s 7.25 s 7.38 s 8 29 s 8 .39 slO.39
Newton Centre. 4.14 s 5 31 s 6 .36 s 7.02 s 7,09 s 7.29 s 7.41 s 8 .32 s 8 .42 slO.42
Chestnut Hill . 5.60 s 5.34 s 6.39 s 7.07 s 7.13 s 7.33 s 7.45 s 8.35 s^.45 slO.45
Reservoir 6.63 s 5.37 s 6 .42 7.10 s 7.16 7.35 s 7.48 s 8.38 s 8.48 slO.48
Beaconsfield
. . . 7.05 s 5 .39 s 6.44 7 11 s 7.18 s 7.50 s 8.40 s 8 .50 slO.50
Brookline Hills. 7.82 s 5 41 s 6.46 7.13 s 7.20 7.37 s 7.52 s 8.42 s 8 .52 slO.52
Brookline 8.36 s 5.43 s 6.48 7.14 s 7.23 s 7.39 s 7.54 s 8.44 s 8 .54 slO.54
Longwood 9.09 s 5.45 s 6 .50 7.15 s 7.25 7.41 s 7.56 s 8.46 s 8.56 slO.56
Brookline June. 9.76 5 48 6 53 7.17 7.28 7.43 7.58 8.48 8 58 10.58
Huntington Ave 10.90 s 5.51 s 6.56 s 7.20 s 7.31 s 7.46 s 8.01 s 8.51 s 9.01 sll.Ol
12.25 s 5.55 s 7.00 s 7.24 s 7.35 s 7.50 s 8.05 s 8.55 s 9.05 sll.05
A.M. A.M. A.M. A.M. A.M. A.M. A.M. A.M. A.M.
STATIONS
Miles
between
Stations
286 290 282 300 308 320 322
Daily ex.
Sunday
Daily ex.
Sunday
Sunday
only
Daily ex.
Sunday Daily
Daily ex.
Sunday
Sunday
only
Z B B Z B Z B B
A.M. P.M. P.M. P.M. P.M. P.M. P.M.
Riverside
. . L. 0.00 sll 40 s 1.30 s 2.10 s 4.12 s 6.00 s 9.40 SlO.OO
Woodland .69 sll 42 s 1.32 s 2.12 s 4 14 s 6 .02 s 9.42 slO 02
1.02 sll 44 s 1.34 s 2.15 s 4.17 s 6 05 s 9.45 slO.05
Eliot .84 sll 46 s 1.36 s 2.17 s 4.20 s 6 .07 s 9.47 slO.07
Newton H'lds. .76 sll 49 s 1.39 s 2.19 s 4.22 s 6 .09 s 9.49 slO.09
Newton Centre. .83 sll 51 s 1.42 s 2 .22 s 4.25 s 6.12 s 9.51 slO 11
Chestnut Hill . 1.46 sll 54 s 1.45 s 2.25 s 4 .29 s 6.15 s 9 55 SlO. 15
1.03 sll 57 s 1.48 s 2.28 s 4.32 s 6 18 s 9.58 slO.18
Beaconsfield
. .
.
.42 sll 59 s 1.50 s 2 30 4.34 s 6 .20 slO.OO 8l0 20
Brookline Hills. .77 sl2 01 s 1.52 s 2.32 s 4 .36 s 6 22 slO 02 slO 22
.54 sl2 03 s 1.54 s 2.34 s 4.38 s 6 24 slO.04 slO.24
Longwood .73 sl2 05 s 1.56 s 2 .36 s 4.40 s 6 26 slO.06 slO.26
Brookline June. .67 12 08 1.58 2.38 4.43 6.28 10.08 10 28
Huntington Ave
Boston A.
1.14
1.35
sl2.ll
S12.15
P.M.
s 2.01
s 2.05
P.M.
s 2.41
s 2.45
P.M.
s 4.46
s 4.50
P.M.
s 6.31
s 6.35
P.M.
slO.ll
slO.15
P.M.
SlO. 31
slO.35
P.M.
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